




AMANUAL 

OF 

INORGANIC CHEMISTRY 


BY 




N. BANERJI, B.A. 


FOURTH EDITION 


S. K. LAHIRI AND CO. 

56, COLLEGE STREET, CALCUTTA. 

1916 


iVice Re, 1-6, 






• I ^ , 

A 

\tx.>u No 


i kJ i J r » L*."' * ’ ■ ' ‘ , k , i, 

1’3'3'3B Datc?.^ 



.^.11. I ,. II ,»—- •* ^ --—-— . - — 

<Fril4^,*tui publlshod by J. 0. Obosb at the Car ros Passs, 57, HA&ftigOH 
'koAP, CAUJtm for UB88&8 S K. Lauibi k Oo,—31>7<16.--XXXX. 




PART I 


GENERAL PRINCIRL^- 


CHAPTER I. 

INTRODtrOTION. 

f • I ' 

4^ ^ ' * * ' 

Three Forms of Matter. —Substance^ are met with iii 
nature in three forms, viz,. Solid, Liquid, and Gas, Ajpy one 
of these three forms of matter can often be converted into 
another, and most substances can exist in more than one of 
these three forms. In this tfansformation or conversion of 
^natter, heat is the chief agent. Thus, water when heated 
becomes steam, and when cooled (t.^ deprived of heat) be¬ 
comes solid ice. So if we heat ordinary sulphur, it will first 
become a thick liquid which on farther heating will be changed 
into brown vapours. All gases can be liquefied, and all liquids 
solidified. In so doing we have not only to cool the substance, 
but in some cases we have also to subject it to very great 
pressure. It should be noted that in this change of states of 
matter the essential nature of the thing is not altered. Hie 
transf^^ed substance reverts to its original state when the 
conditions are reversed. 

I 

Physical mod Chemical Chanffecu—When we look 
around us we observe frequent changes taking place in things: 
these changes are regarded as of two kinds, viz., Physieal and 
CkmUaU Thus, when water is heated it is changed into steam, 
and when cooled it becomes ice; iron when heated becomes 
‘red-hot’ and afterwards ‘white-hot’, emitting light; a piece of 
steel when rubbed with a magnet attracts other pieces of iron; 
a glass rod is electrified when rubbed with silk. These changes 
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produced in the substances are called physical : they do not 
affect the composition of the things; the essential nature of the 
substances remains unaltered,. and the substances may easily 
be made to return to their original state. But when the white 
of egg is changed by heat into solid albumen, or anything 
bums in air, or organic bodies undergo putrefaction,-—the 
changes produced are chemical: they alter the composition or 
essential nature of the things which cannot easily or cannot at 
all be brought back to their former state. 

llie science which deals with physical changes is broadly 
called Physics, while the science which studies chemical 
changes is called Chemistry. These changes, though they are 
distinct from each other, are closely related. Chemical changes 
are in many cases followed by physical changes. Thus, in the 
case of the steam-engine, the burning of coal is a chemical 
change, but the heat produced thereby converts water into 
steam which in expanding imparts motion to the engine. 

Oonservation of Mass or Indestructibility of 

Matter. —In all the changes that take place in the universe 
two principles are involved, viz., (i) that 'energy is never lost' 
and (2) that 'matter can never be created or destroyed'. The 
first principle is assumed in Physics (including Kinetics, 
Mechanics, &c.), and the second principle forms the foun- 
dation of the science of Chemistry. 

The principle of Conservation of Mass or Indestructibility 
of Matter simply states that we can neither create nor*'Ou .troy a 
particle of matter, we can only alter its form. It asserts that 
*lhe quantity of matter which takes part in a chemical change re¬ 
mains unaltered when that change is completed'; in other words, 
that in a chemical change there is neither gain nor loss of matter. 
At first sight it might appear, for example, that when coal or 
candle burns, it is utterly destroyed, no new substance being 
produced in its place. But the fact is that in these cases no¬ 
thing is lost. This will be evident from the following 
experiments. 
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1. Take a large flask and place in it one oi: two pieces of 
pbospborus. Close tbe mouth of the flask, with an aiivtight 
oork, and weigh the whole apparatus. Next» carefully heat the 
flask: the phosphorus will burn. After the af^aratus has 
cotded down, weight it again. The weights in the *two oases- 
will be found to be equal to each other. 

a. Take a wide glass tube or chimney, and close its 
lower end with a perforated cork. Place a candle on Ute 
cork, inside the chimney. Connect, by means of corks and- 
lubes, the chimney A 

with (i) a, flask b 
containing Iime*water 
and (a) a U-tube C 
containing caustic soda 
or caustic potash, 

Carefully weigh the 
apparatus ABC as fltted 
up. Then connect the 

U'tube with a bottle D containing water which may be drawn 
out by the tap /. [This arrangement by wbich air can be 
drawn through the apparatus is called an atpir«ttor\t Now 
Hght the candle and open the tap /. As the water runs out, a. 
partial vacuum is produced in the bottle D, and so air (which 
keeps the candle burning) enters into the apparatus through 
the b^^ in the cork. After the candle has burned for some 
time, close the tap— the flame will be extinguished— and dis* 
connect the U-'tube with the bottle D. Now weigh again the 
apparatus ABC. The apparatus will be found to have increased 
in weight. Hence we conclude, when anything burns there is 
no loss of matter. 

Note.— in the above experiment observe the following : 

(i) Small drops of wat^ collect in the inside of the cool tube b. 
This wate^ is produced by the union of oxygen (of the air) w ith the 
hydrogen contained in the candle. 
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' ' (2) The limewateir ib the flask B is' turned milky.' Thts is 
-caused by the carbon dioxide which is formed by the unioti of the ’ 
oacygen (of the air) With the carbon (of the candle), 

' (3) '^he caustk potash or soda contained in C has increased ha 

weight; because, the -substance has absorbed the 'snaaU quantities 
■of water and carbon dioxide which have escaped through b and Bv 
(4) The increase in weight of the apparatus ABC, after the 
candle has burnt, is exactly equal' to the quantity Of the' oxygen 
(of the air) used up. 

* Elements and Oomponnds. —There are different kinds 
of substances in nature, and most ,of them are complex in 
character, being made up of two or more simplef substances. 
Accordingly chemists have divided substances into two broad 
clashes, viz., Elements and Compounds. For example, water is 
a compound which is made up of (and can be split up into) the 
elements oxygen and hydrogen \ common salt is a compound 
of the elements sodium and chlorine. Gold, silver, iron, and 
other metals, oxygen, carbon, sulphur, Ac. are examples^ 
elements; while sand, clay, candle, oils, animal and vegetable 
bodies are all compounds. Of the infinite number of substan* 
ces in nature, about eighty are known to be elements, the rest 
are all compounds. An Element is defined as a substance which 
has not been resolved or split up into simpler sudstassces : while 
a Compound is a substance which contaisss two or more simpler 
substances (elements) united together in definite proportions, and 
which can therefore be broken up into two or more eletdki.'r. 

List of Elements. —The following is an alphabetic list of 
the known elements. Of their total number, nearly half are 
important and commonly found in nature, the rest are more or 
less rare. At ordinary temperatures, ten of the elements are 
gases, viz., chlorine, fluorine, hydrogen, nitrogen, oxygen, 
argon, helium, krypton, neon, xenon. Two are liquids, 
viz., bromine aind mercury. The rest are all solids. 

In tfais iist the names of non-metals (nineteen in«number) 
are printed in capitals, and those of metals in ordinary type8~ 
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Alumioiain ^ 


' lUiodium 

Antiinony (Stibium) 

Hyubookk 

Rnbidinin 

Abuon 

Indium 

ButiiMium 

Arsenic 

lODINJS 

Samarium 

Barium 

Iridium 

j^andium 

Beryllium (Gluoinum) 

Iron (Ferrutn) 

Sxuntfcu ' 

Bismuth 

KMxrtovi 

glUCOK 

Bobon , 

Iianthanum 

Klver (Argeotani) 

Bbominb 

Lead (Plumbum) 

Sodium (Natrium) 

Cadmium 

Lithium 

Stnmtiam 

Cassium 

Lutecium 

SotPHvn 

> 

Oaloium 

Magnesium 

Tantalum 

OABnoN 

Manganese 

TeLlubidh 

Cerium 

Mercury (Hydrargyrum) 

Chlorikr 

Molybdenum 

ThaUmm 

Chromium 

Neodymium 

Thorium 

Cobalt • 

Nb3N 

Thulium ^ 

Gplumbium (Niobium) 

Nickel 

Tin (Stannum) 

Cbpper (Cuprum) 

Nitrogen' 

Titanium 

Dysprosium 

Osmium 

Tungsten (Wolfrdmium^ 

Brbibiii 

OXYOKN 

Uranium 

Europium 

Palladium 

Vanadium 

Fluouinb 

Phosphorcts 

XsNoy 

Gadolinium 

Platinum 

Ytterbium 

Gallium 

Potassium (Kafium) 

Yttrium 

Germanium 

Praseodymium 

Zinc 

Gold (Aurum) 

Radium 

Zirconium 


Medunical Mixture and Ol^mleal Oompaand.-r-A 

compound subS^nce must be distinguished from a mere' 
mixture of two or more simpler substances. We may mix 
two or more substances in various proportions, but the 
mixtures will not necessarily, be chemical compounds. The 
difference between a mechanical mixture and a chemical com- 
pound^jnil be clear from the following experiments with iron 
and sulphur :. 

JUtAturt of Iron and Sulphur. Compound qfiron and Sulphur. 

> 

Let US mix together small quan- Let us qiake a mixture of 
titles of powdered iron and sulphur. 7 parts iron and 4 parts 8ulphur« 
The mixture will contain the and heat the mixture in a test tube. 

' ' j 

particles of iron and sulphur in First the sulphur will melt and 

I 

close touch ; but the two substances then the whole mass will glow* 
will never combfne or unite to- After the gibwicg has ceased and 
getfaer/ however intimately we may the mass has cooled, let' us bre^k 
mix them. Thus— the test tube and examine the 
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Mixturt of Ircm and SvXphur (cont.) 

(1) If we ezamme the mixture 
with a leufl or mioroeoope, we ehall 
detect the black particles of iron 
and yellow grain[a of sulphur; 

(2) If we shake a little of the 
mixture with water, the particles 
of iron and sulphur will separate 
as they settle down ; 

(3) If we pasa^a magnet over the 
mixture, the magnet will attract 
the particles of iron ; 

(4) If we pour carbon disulphide 
-pn the mixture and shake, the 
sulphur will be dissolved and the 
iron left behind. 


Oompound qf Iron and Stdpknr {eont ,) 

, ’ ' 

snbstanoe formed. It is a dark 
(bloish-black) mass resembling 
neither iron nor sulphur— 

The iron or sulphur can no 
longer be discerned with the 
microscope, and the snbstanoes 
cannot be separated by means of 
water, or a magnet, or carbon, 
disulphide. 

In fact the iron and sulphur have 
oombined chemically to form & 
homogeneous mass (called ‘iron’ 
sulphide’) whose properties are 
different from those of either iron 
or sulphur. 


Hence, we may define a Mechanical Mixlurt as the result 
produced when different substances merely mingle together 
in any proportion, without losing their identity. The com¬ 
ponents of a mixture can be separated from each other by 
purely mechanical means. 

On the other hand, a Chemical Compound is the substance 
formed by the union of different substances in definite pro¬ 
portions, and possessed of properties quite different from 
those of its constituents. The constituents of a compound 
cannot be discerned or separated by ordinary means. '' 

4 Gh€mlo&l Action. —It is the process by which change in 
the composition of a substance is brought about, or the process 
hy which the particles of different substances are rearranged or 
redistributed. We measure chemical activity by the speed with 
which a change takes place, by the amount of heat evolved, or 
by the electric effects accompanying the change. These, and 
similar other considerations .lead us to regard particular subs¬ 
tances as ^mOre or less active,' and to say that ‘great or little 
chemical affinity (or attraction) subsists between any two subs^ . 
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tances.' however we are asked*-wby chemical action takes 
place at all—we cannot answer the question. We are as much 
ignorant of the cause of chemical action as the cause of 
gravitation. 

The charaoteriatioa of chemical action are these 

(t) In a chemical chaise there is no gain or loss of matter. 

(a) Substances obtained as the result of chemical action 
differ widely from those which produce them. ^ 

(3) Chemical action always takes place between fixed pro* 
portions of substances. 

(4) Chemical action is attended with evolution or absorp* 
tion of energy (usually in the form of heat). [Some compounite 
{f' g-* hi^drogen iodide, nitrous oxide) in the formation of 
which heat is absorbed are called endothermic, as opposed to 
the majority of compounds, called exothermic, whose formation 
is attended with evolution of heat]. Light, explosion, and 

* electricity may also be produced by chemical action.^ 

f 

lllastrations of Chemical Action: (7) Burning or 
Heating in Air. —Familiar instances of chemical action are 
met with when substances are burned or highly heated in air. 
The effects of heating some metals will serve as examples. 

Let us weigh a piece of clean magnesium ribbon in a 
porcelain crucible with its lid, and heat the 
metal in the way represented in Fig. a, often 
raisi^i^he lid so as to admit air, but not to 
allow the fumes to escape. When the metal 
has been converted into a white ash, we allow 
the crucible to cool down and then weigh it 
with its contents. An increase in weight wil} 
be observed. 2. 

* s 

If we heat a piece of lead, zinc, or tin in the same way, stir¬ 
ring the tnelted mass with an iron-wire till a white powder is 
obtained, we shall find in each case that as a result of heating 
in air the metal gains in weight. 
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Lavoisier’s experimoats on Air*'— The explaastioa 
et what takes place when substances are burnt or high^ heated 
io ur, was given by the French chemist Lavoisier who perform' 
ed the following experiments. [The apparatus represented 
here are modifications of those used by him]. 

Dry mercury was placed in a globe or retort the neck of 
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which was bent and passed 
into a bell>}ar standing in a 
basin of mercury (Fig. 3). The 
volume of lur in the retort and 
bell* jar having been,mea8uredr 
the mercury in the retort was 
heated. After heating tor 1; 
days, it was found that a cer> 
tain portion of the mercury 
had been changed into a red 
powder (called ca/x of mer¬ 
cury), and that the volume of 


* , 

air had undergone a diminution of I- of its original volume. It 


was also noticed that the gas (called aso/e or niirogert) left in 
the bell-jar did not allow substances to burn in it. 


Next, the red powder was collected and strongly heated in 



i 

Fig. 4, 


a tube (Fig. 4). The red solid 
disappeared, giving plr^'e to 
(i) liquid mercury which con¬ 
densed on the cool parts of 
the tube, and (a) a gas which 
being collected was found to> 
be equal in volume to that 
which was lost by the* air in- 
the previous experiment. This 
gas (nmned oxygen) was found 
to be one in which substances 
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buificd brightly.* aod which being mixed with the gxi left in the- 
jbell-jttr gtve ordinary air again. 

* i * \ * 

These and similar other experiments proved that*^ 

(i) Ahr t^iuuis mainly of iwogatt^ Oxygon and 
—>the former*, compri^ng ^ of the volume of «r* is the 
porter of comb|istion**and the latter forming die remaimng ^ ^ 
yery inactive: 

(ft) When a substance is changed by hang burnt or. kigh^ 
heated in air, the change is due to the chemical union cf the tubs’ 
tance with Oxygen. 

j 

(S) Vffater is a eompound of the gases Hydrogen hid 
Oxygen : Electrolysis of Water.—Water 
is a compound substance and can ba 
broken up into its constituent ele* 
ments by a current of electricity. 

This is demonstrated thus. In a 
glass basin, there are projected two 
platinum plates which can be con¬ 
nected with the two poles of a bat- 
tery. Water is poured into the ves¬ 
sel, and some sulphuric acid is 

a 

added (in order to render the water 5 . 

a conductor of electricity). Two glass tubes filled with the 
sank*^cidulated water are then inverted over the platinum 
plates. On passing a current of electricity, the water is split 
up into its gaseous constituents, Hydrogen and Oxygen. The 
former, collecting in the tube over the negative plate, bums 
with a pale blue flame when a lighted taper is applied to it; 
while the latter, which collects over the positive plate, ignites a- 
glowing chip of wood. The volume of the hydrogen is also 
seen tb be double of that of the oxygen. 
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The ftctiofl of Imc on a diluted Aoid.— ^Some granulated xine is 

4 

placed in a flask which is fitted up with a thistle^funnel 
and connected with a U'tube containing calcium 
chloride. To thC'other end of the U>tube is attached 

f 

another tube drawn out to a jet. On gradually pour* 
ing dilute hydrochloric or sulphuric acid 
down the funnel, hydrogen gas is evolved : 
the gas is deprived of moisture by the 
calcium chloride and escapes through the 
jet. After a few -minutes, when the gas 
has swept all the air out of the apparatus, 
it may be lighted at the jet. If now a dry 
glass tube is held over the flame, minute 
drops of water will be seen to collect in Fig. 6. 

the cooler parts of the tube. This shows'that when hydrogen 
bums in air (t. e. unites with oxygen), water is produced. 

{3) Examples of Solution in water, and of Substitution 

4>f Meted 8 , •— I. Let us take a few crystals of sulphate or 
nitrate of copper, and dissolve them in water. If a clean piece 
of iron or zinc is now dipped in either of the solutions, it will 
soon be coated with a de^bsit of copper. 

Again, a bright strip of copper becomes coated with 
mercury when it is placed in a solution of mercuric chloride. 
In these instances the immersed metal takes the place the 
metal deposited, as will be seen by examining die solimons 
left after the changes. 

3. Let us make solutions of mercuric chloride and 
potassium iodide, and then gradually add one solution to the 
other. Two new compounds will be formed, viz., mercuric 
iodide (which is deposited as a red powder) and potassium 
chloride (which remains in the splution). 

Similarly, when we add a solution containing silver nitrate 
to a solution containing one>third as much sodiflm chloride 
{common salt), the constituents of the compounds exchange 
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placet, forming silver chlori<!e and sodittm nitrate. The 
former is insoluble in water and thus separates from the 

4 

solution as a white powder. 

^ Modes or Kinds of 6 hemiei 4 Aojtloa —As. dio idmve 

•experiments shoe, chemical action takes place in one oi the 
following ways 

(1) Combination or Synthesis.—It is the process in which a 
•compound substance is produced by the direct uniOn Of its 
•constituents. Such are the union of iron and sulphur to form 
iron sulphide, the union of mercury and oxygen to form red 
oxide of*mercury, and so forth. 

Mercury + Oxygen Mercuric oxide. 

( 2 ) Decomposition or Analy8i8.-^It is the process in which a 
compound is broken u0 into its constituents, as when red 
oxide of mercury is decomposed into mercury and oxygen. 
JEUcirolysit is a special form of analysis in which a compound 
is resolved into its elements by means of an electric cunent: 
'thus water is electrolyzed into hydrogen and oxygen. 

WateraHydrogen+Oxygen. 

( 3 ) Displacement or Replacement.—This is the mode in which 
an element expels another from its compound and takes its 
place. Thus when zinc acts upon hydrochloric acid, it unites 
with the chlorine of the acid, setting hydrogen free. Iron 
■dispiipces copper from a solution of copper sulphate. 

d* Zino+Hydrogen chlorides;Zino ohloride-f-Hydrogen. 

( 4 ) Double Decomposition or Mutual Exchange.—It is the proeess 
•in which the constituent parts of. two compounds change places. 
Thus when solutions of mercuric chloride and potassium 
iodide are mixed together, potassium chloride .and mercuric 
iodide are formed. Similar is the interaction of silver nitrate 
and sodium chloride. 

Silver nitrate<4^.Sodium chloride s Silver chloride •fSodram nitrate. 

Note.’-A nother kind of cheuilcal change is occasionally met 
-with, specially in the case of organic compounds, when by mere 
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jrcfiMrtaiigeiment of particles one sabstance is changed into another 
|vj|Mch has different properties although the relative proportions 
of its constituents remain 'the same as before. This sort of 
transformation is called Internal Rearrangement. 

ileiiiis or Conditions of Ohemical Action .—The 

following are the means by which chemical changes are 
induced or brought about, and one or more of them are 
required in every case of chemical action :— 

( 1 ) Centact.'—This is the most important condition of 
chemical action. In order that different snbstances (r g., zinC 
hnd sulphuric acid, hydrogen and oxygen) may unite, they 

I • 

must be in actual contact. For this reason, solids have often 
to be used in a finely divided or powdered condition. 

^ Solution. —^When we have to bring about a chemical 
action between two or more solid substances, we take at least 
one of them in its liquid state (t.r., we make a solution of it. 
or liquefy it by fusion). The reason is that the action between 
solids is slower than the action between a liquid and a solid. 

( 3 ) Heat.—In most cases heat expedites chemical action, 
and in some cases (as when mercuric oxide is decomposed into 
mercury and oxygen) heat alone causes chemical change. 

'Htere are some other agencies which sometimes induce or 
aid chemical action, viz — 

( 4 ) Light.—Thus chlorine and hydrogen at once combine 
when their mixture is exposed to light, but no action4^es 
place when their mixture is kept in the dark 

( 5 ) PresBure.—^Thus lead sulphide is produced when a 
mixture of finely powdered lead and sulphur is subjected to 
enormous pressure. Gunpowder is exploded by percussion. 

(6) Electricity. —Many compounds (e g., water) are decom¬ 
posed by electric current. Again, electric sparks may some¬ 
times bring about the combination of different elements. 

. ( 7 ) Catalytic Agents.— i.e., certain substances which (though 
they do not.themselves take part in the chemical change) help^ 
tite action to a large extent. Such is manganese dioxide in 
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the preparation of oxygen from' potasshim thlm’ate. This 
obscure process by which chemical change oecurs in the' 
presence of substances which do not theihselves ia4>|^r to 
enter into combination, is called induced action or 

Definition of Chemistry. —^‘Chemistry is that sciemce^ 
which treats of the composition of matter, of the .changes 
produced therein'by heat and other natural forces, and of 
the action and reaction of different kinds of matter on each, 
other’' (Jago). A knowledge of Chemistry 'enables uS' to 
understand the nature of things, to resolve compcnunij 
substances into their elements, and to prepare complex 
substances from simpler ones. '* 

Chemistry compared with Physics.—Chemistry is closely yelated 
with Physics. Both these sciences study the properties of 
substances ; but they also differ in many respects : 

(i) In Physics substances are divided into solids, liquids, 
and gases. In Chemistry substances are primarily, classified 
into elements and compounds. 

(3) Physics studies the universal properties of matter (e. g, 
density, hardness) and mere 'physical' changes, such as are 
produced by heat, electricity, &c. Chemistry studies the com- 

a 

position of substances and concerns itself with their analysis 
and synthesis. 

' University Examination Questions. 

1. .Explain what you understand by Physical and Chemical 
chimges as affecting matter. Give examples. [C. 91]. 

2. Explain clearly the meaning of the statement that matter 
is indestructible. What evidence can be brought forward in sup*, 
port of the statement ? {C. 07]. Describe, in detail, an experiment 
proving that there is no loss of matter in chemical changes, and. 
make a sketch of the apparatus which you would usei [C. 
1900,1913]. 

Describe exactly how you would prove, by experiment, that 
water is produced ,wheii a candle (or the oil of a' lamp) burns. 
What element is proved by this experiment to be present in the 
candle or oil ? {C. 03.]. 
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3, Define an Elemtnt and a Compound, and give an example 
of epcb [C. 92]. 

4. State the points of difference between a ‘mixture’ and a 

a 

^coinpoaod/ [C. 1915]. What is the difTereoce between a mixture 
of two elements ? Describe simple ex|>eriment$ in support of your 
explanation tC. 99, 08]. 

Descrite briefly tbe different modes of chemical action. [C. 
93X Explain the term catalysis [C. 1911,16; A, 1914}, synthesis, 
analysis [Ct 1910, 14}, double decomposition [C.08, 16]. 

6. Mention briefly the special conditions which aid or induce 
chemical changes and illustrate your reply by examples. [0.91,95]. 

7. Define Chemistry ; and illustrate your definition by exam¬ 
ples. [C. 96]. t 


CHAPTER II. 

PHYSICAL MEASUREMENTS. 

The Metric System- —The system of measurements 
adopted in scientific works is the Metric System, in which 
tfa 4 unit of length is the metre, the unit of volume is the litre, 
and the unit of weight is the gram (also spelt gramme). These 
three units are related to one another. 

« 

The prefixes used to denote fractions of these units are 
deci (aone>tenth), centi (=one hundredth), milli (=oiie- 
thousandth); the prefixes denoting multiples are deca (.■ lo), 
hecio (=100), kilo(—\ooo). Thus, tooo millimetres = lo 
decimetres =:i metre; t kilometre lo hectometres a idoo 
metres, and so on. Similarly, loo centilitres »lo decilitres i.. i 
litre; i kilogram.■ iooo gramsaiooooo centigrams. The 
advantage of the metiic system is that it involves only 
mulliplications and divisions by lo or multiples of lo. 

The Unit of Length, —The metre, originally intended to be 
tbe ten-millionth part of a quadrant of the earth’s meridian, 
is tbe distance between two marks on a certain rod of platinum 
kept in Paris. It is very nearly equal to 39*37 inches. Hence, 
X-kilometre 011093 yards. 
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The. Unit of . Votume ^—The litrt i8.^e ralume of a cube, 
each face of which is i square decimetre, each Ulterior 

I 

edge of which is i deametre long. Hence, i litresi cubic 
decimetre siooo<cubic centimetres. Il ls equivalent to 1*76 
pints or 35*3 fluid ounces. 

The Unit Qf Weight —The gram is the weight of 1 cubiq 
centimetre of distilled iffater at 4^ Centigrade (i. e. the tem* 
perature of its maximum density). It is equivalent to 15*432 
grams nearly, i kilogram =: 3‘2 lbs. 

The relation between the weight and volume of water is 
very simple; the weight being as many grams as the volume is 
cubic centimetres. Hence, the weight (in grams) of any other 
liquid=its volume (in cubic centimetres) x its specific gravity. 

Abbreviations are used for the above measures, as m. for 
metre, /. for litre, gr. for gram, cm. for centimetre, mm. for 
millimetre, c.c. for cubic centimetre, and so on. 
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, Bleasarement of Volames of Liquids.— The following 
apparatus are used for measuring volumes of liquids : 

(i) Measuring Flash (Fig. 7).—It is to be filled (at a 
standard temperature) exactly to the mark etched on the 
neck. The capacity of the flask is marked on it. 

■(2) Measuring Cylinder (Fig. 8).—It is graduated 
( the graduations 
commencing from 
the bottom), and 
the •numbers 10, 

20, 30, &c., are 
marked against the 
lines. 

(3) Pipette (Fig. 

9).—It is used for 
withdrawing * and 
delivering definite 
volumes of liquids. 




Fig. 9. fig. la. 
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Tbe point of the pipette i$ dipped in a Uquid, and hy sacking 
at the other end the liquid is drawn in till its level rises abchre' 
the mark on the stem: the fore-finger is now quickly piaced 
on the top of the pipette which is then raised up, and by giidti- 
ally releasing the finger the liquid is allowed to run out till Itk 
level reaches the mark. 

a 

(4) Burette <Fig. 10). —It is a graduated glass tube of 
uniform bore, open at the top and provided with a tap near 
the bottom which is drawn to a narrow end. The graduation 
runs from above downwards, and the instrument is us^d for 
4 elivering a definite volume of a liquid. The burette is clamp¬ 
ed in a vertical position and then filled in with the liquid which 
flows out on turning the tap. 

Note.—T he above apparatus arc chiefly used when volumes of 
liquids have to be measured with the greatest accuracy, as in 
Volumetric Analysis (sec Chap. XVI). In using them, specially 
the burette, the following points should be attended to : (i) At the 
outset of each operation, the instrument should be thoroughly 
washed and then rinsed with a little quantity of the liquid to be 
used^ (2) While measuring the volume, notice that the liquid has 
a curved surface : this curve is called a meniscus, Reading should 
be taken from the lower edge of the meniscus, and the eye of the 
observer should be level with the meniscus and the graduation. 
(3) Before delivering the burette, note the graduation at which 

•SI 

the liquid stands. It is to be always remembered that the burette 
(as well as the pipette) does not measure how much it contains^ 
but how much it delivers. 

Measurement of Mass: the Balance.— Measurement 
of mass is usually made with the balance. The chemical 
balance is a very accurate and delicate pair of scales. It 1 $ 
generally made of brass and is enclosed in a glass-case.to 
protect it from dust, draughts, &c. 

The chemical balance consists essentially of a beam (AB) 
having at its ends knife-edges of agate (a,A), turned upwards, 
on which rest the agate planes of the hooks (c, d) from which 
■the pans (C, D) are suspended by'means of bows «,/. 




The bcfam has in tM centre aMckti^r A^te Icndle-edg^ tnrined 
downwards, resting on aft agate plate fiked to die-lop of 
the pillar (?). The 
needledr pointer (;*), 
fixed to the centre of 
the beam and at right 
angles to it. swings 
over the graduated 
scide (S). - 
When the balance 
is in adjustment, the 
pans are free to 
swing and the pointer 
moves equally on , Fig. II. 

each side of zero (i.e, the central line of the scale). If the 
•vibration be unequal, the adjustment is effected by means of 
either of the screw-nuts (m, n) at the ends of the beam. When 
the balance is not in use, the handle or screvv (H) is urned, 
whereby the agate planes and knife-edges are thrown out of 
con^t and the pans are set at rest. 

TAt WtigA/s.-^Thc set of weights arranged in a box varies 
with different makes. The weights may range from 500 
grams to i milligram. A box of weights also contains a pair 
of for^ps for lifting the weights. 

Rul^ to be observed in weighing :— 

(t) Before using the balance see that it is in adjustment 
and that the pans- are clean. 

I 

(s) Place the object on the left pan and the weights on the 
right<~ adding or taking out weights .fn ordtr unfil the pan» 
exactly balance each other. 

(3) Always lift the weighti; With the forceps, andi>aE the 

weights back in their re^pecdvd plaice% * 

s 
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< («) Do *i)ot allow the hei^m to awUif ewliio aojjrthifkg.ii 
pkce4 .upoa or reeaoved from the pans. **< 

(5) Never weigh anything .when it is too hot or-ccH(t 

(6) Haoe yourself just opposiae the graduated scale# «ad 
earefully note the result of each Weighing. 

Density or Specific Gravity.—The densaty of a body 
(i. i. the quantity of matter contained in a unit volume of it) 
is estimated by comparing the weight of a given volume of it 
with the weight of the same volume of a standard substance. 
In the case of liquids and solids the standard subMaace is 
distilled watef at 4*’C., and in the case of gases and vapours it 
is hydrogen or air at o'^C. and 760 mm. pressure. Hydrogen 
is preferred as the standard, as it is the lightest of all gases. 

Hence, the relative density or specific gravity of a substance 
is found by dividing the weight of a given volume of it by the 
weight of an equal volume of water or hydrogen (under 
standard temperature and pressure). The methods of deter> 
mining relative densities are given in works on Physics, most 
of the methods depending on the Principle of Archimedes, 
that a body immersed in a liquid loses a p&rt of its'yoeight equal 
to ike vqeight of the liquid displaced.. The densities of some 
substances are given below. 


Of Liquids uiid Solids. 


Water {at 4*C) **. 

... iw 1 

Solpbnr 


. 8l*9to2<05 

Bromiiie 

... 2-96 

1 

, Graphite 

• P 

... 2*20 

llercury 

... 13-00 

Giasa 

• • « 

... 2*50 

Potafisittfn 

... 0-87 

Alaminiiam 

• 4 • 

... 2*60 

tSodmm' 

... o-c? 

Diamond 

b • t 

... 8-50 

ICagMrfuiQ .ii 

-... 1-74 

Zifio.,. 

vf 

0 0 9 

6*8 to 7*20 

Cbarooal 

... 1*80 

Iron.*# 


7*8 torj’li 

Caloiwn,. ... 

... 1*85 

• a 

CqefW r 

.M4 

, . ,8 25 

f 

V ^ k 

Phoftpboruf) 

1*8 and 2‘jfQ,. 

JLead 


... 11*40 
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m 

'r d 

Alr>l 

Hydro^ 

1 

1 «V 

Air«l 

Hydrogen 

' ' r ' 



\ 

CMmiii dtoside ^ 


'■ '#00 

Ammonia 

... 0*59 

8 -82 r 

Sulphur dioxide 

... 228 


Water 

... 0*92 

890 

XJhtdrine 

... 2-48 

88*18 

Nitrogen 

... 0'97 

14*00 

Bromine 

... 8-60 

80*00 

Air 

... 1-00 

14*89 

Kevouty 

... diK) 

100-00 

Oxygen 

... 1108 

18-88 

Sulphur 

1 

...' 2^ 

31*83 

Hjdrogon sulphide 1*19 

17-00 

Phosphorus 

... 4-28 

8200 

Hjdiogeu ohloride 1*26 

l8-*23 

Iodine 

... 8-80 

127-00 


Bleasifremeiiit of Temperatore: the Theimometer.— 

Temperature is measured with an instrument called the /Aer~ 
momder. It is a thick glass tube with a fine uniform bore, 
ending in a spherical or cylindrical bulb filled usually with 

I 

mercury which rises or sinks in the stem just as the tempera- 
• ture rises or falls. There is a graduated scale usually etched 
on the stem of the thermometer. The graduations are made 
on the basis of two definite points : the first is that where the 
mercury stands when the instrummit is plunged into nHsUing 
ice, the second marks the position to which the mercury rises 
when the thermometer is surrounded by steam issuitig from 
hoiling water. The interval between these two points {frttting^ 
point and boiling-point of water) is divided in three different 
ways, (i) In the Celsius or Centigrade scale the two points 
■are marked o and loo, and the interval is divided into loo 
spaces called degrees, (a) In the Reaumur scale the two 
points are marked o and So respectively, and the distance is 
divided into So degrees. (3) In the Fahrenheit scale the 
boiling-point is marked sia and the freezing-point marked 32 
(so that there are 180 degrees between them)—the zero point 
being die temperature of a mixture of xal-ammoniac and .-xnow. 

The above scales are indicated by the initial letters C, R, 
and F respectively. In each scale temperatores are indicated < 
. a small cipher indexed to the pkrtieutar tsumbH's, and 
temperatnres below zero point are shown by prefiidng a minus 



♦ 

^gn. Thus,- i5”C. in(BiH8 ft' <ft top etit a rt 15 degrees below 
lero of the Centigrade scftle. 

I » 

IleasBromeiit of Atmospheric Pressnre: the Bwro- 

meter* —^The atmosphere or mass of air encircling our globe 
exerts considerable pressure upon all objects on the surface of 
the earth. The amomtt of this prenure is estimated by the 
following experiment, first performed by Toricelli in 1645. A 
glass tube, about one yard long and closed at one end, is filled 
with mercury; with its open end closed with the thumb, the 
tube is then inverted in a iMtsin containing mercury. The 
inerqury sinhs in the tube until (at 8ea*Ievel) the height the 
column is 760 millimetres (=30 inches nearly} above the 
surface of the mercury in the basin. The empty space at the 
top of the tube is called a Toricellian vacuum. The column of 
mercury in the tube is supported by the pressure of the 
atmosphere on the mercury in the basin, so that the mercury 
in the tube rises or falls as the atmospheric pressure varies. 

The ordinAFy barometer consists simply of a glass tube 
about 33 inches long and closed, at the upper end, containing 
mercury and having its lower end dipped into a cup also contain¬ 
ing mercury. There is a graduated scale placed along the 
barometer-tube. The height of the mercury in the tube 
measures the atmospheric pressure which varies with changes 
of weather and elevation above sea-Ievet. 


OHAPTEK III. 

PHinslCAL FBOPERTIIIS OP OABE6 AND TAP0DE18. 

' ‘ ? 

EctotlOB of tb« Voliima of a Gas to Pre«ftar«.>-Tbe 
▼dume of a given quantity of a gas depends on the preipure 
to wJpch Mi ta std»jected: the volume increases or decreiaei) 
just as tibe ffessnre is decreiiuwd or increased. This .mm. be 

iUaattnted a# idlows: 
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A I7*8ba|)e4 glats ivi$h qm wna often uad.i Jwt long 
end wiUi the other vm closed and nearly .7, tnrfijj ffe Joq^, tg 
ntoumed on e vertical suitftort*, Gmdoated scales are placed 
agahist these arms, the sero In both the scales being in the 
same horiaontal line. Mercury is poured into the tube so 
that it stands at aero in both urms: the air enclosed in the 
shorter arm is now imdo' tiw ordinary atmospheric pressure. 
Mercury is again poured into the tol]« until the volume d the 
confined air is reduced to one«half: the differeiMpe in the levels. 
of mercury in the two arms is now found to be equal to the 
height of the barometer. Thus the enclosed air is altogether 
under a t>re8sure of two atmospheres when its volume is 
half of what it was under a pressure of one atmosphere. 

" Boyle's or Mariotte'e fiiur.'^-Ezperiments similar to ti^ 
described above led to the formulation of the law relating to the 
different volumes of a gas at different pressures. This law of 
compressibility of gases was discovered first’by Boyle and then 
independently by Marimte, and is stated thus ;—If iht /<«•- 
ptraturt remaint the same, tht volume of a gos variet inversely 
as the pressure. For instance, when the pressure is doubled, 
the volume of the gas is reduced to one-half; when the pressure 
is* reduced to the gas expands to f its original volume. 

If V and V are the volumes occupied by a given quantity 
of a gas at the pressures P and P' req>ectively, then according 
to Boyle's Law, the temperature remaining constant, 

* O' i or 

Note.—A s the density of a given quantity of any gas varies 
inversely as the volume, it follows as a corollary from Boyle’s Law 
that tie, demity of a gas varies directiy as tie pressure, 

Boyle's Law is not absolutely true of any gas. Hydrogen, 
oxygen, nitrogen (and air) obey the law more closely than other 
gases do. A gas obeying Boyle’s Law absolutely would be c^led 
a Porfeet Gns. 

Mwlation of Mumn of Bmos at Dljfonni Pret~ 

^Knowing Belle's Law we can calculate the vokmita 
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of o cettBLva qtnntftf of> anf gas at difiesent pntssonet. It must 
be remembered that ^nonnal ^essure,' i. $. die of the 

atmosphere at 8ea>ievelsthe pressnve of 760 miltimetrei' (of 
mercury). See p. so. ; 

Exauplb t. 1/ a gas ixatpiit ta t.c. a/ j a/mos^Asres, iaJtnS 
its aolumt at-^s^ mat., tke temperature remaining unehangedi 
f s C.C. is the volume at 5 atmospheres, 1 e. (5 x 760) mm. 
Suppose V is the volume of the gas at 950 mm. 

Then, by Boyle's Law, V x 950a: i s x (5 x 760 ); 

. !?X5 X7|S o^ s ^^ 

950 


Examplb s. aj C.C. of air at normal pressure is lompressed 
to ig c.c,: to find the increase of pressure. 

Here suppose P is the total pressure. 

Then, Px i9=:76ox *5 ; or />«1000 mm. 

The increase of pressure is (1000760)=: 340 mm. 


Belation of the l^olume of a Gas to Temperature.— 

The volume of a given quantity of any gas depends not only 
on the pressure it bears, but also on its temperature. That a 
gas expands when heated and contracts when cooled, may be 
shown thus : 


1. A flask fitted with a rubber stopper through which 
passes a tube, is inverted so that the tube dips under some 

r 

coloured water. If we gently heat the flask, bubbles of air 
will escape—showing that the air in the flask has expanded. 
On now allowing the flask to cool down, the air will contract 
and water will rise up the tube to take the place of the air 
already expelled. 

2. Some stout bottles having been filled with different 
gases are fitted with rubber stoppers through which pass narrow 
glass tubes bent at right angles. The bottles are then, laid in 
a trough of water so that the tubes point upwards,, and a drop 
of mureuty vM*' introduced Uito eadi tube. If the water in the 
troe^h is now heated uniformly, the mercmy will rise eq^ttlly 
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in ftUlilie tl^ k«fn^«cpinMii»d equally 

when heated to the same ejttent. The'emocmt of tlie ekpiiieion 
is'Stated in ah* I4W of Chftfles. 

, ^ espanuon offset, owing to 

rise of tempmatiire, wgs discovered hTf Charles. ^ But the 
discovery of the law is also attributed tO 4>alton and to, Gay> 
Lussac. It Is thus stated:— T’/ir preatuti, remahing cofuttmt 
a gas expands by its volume at cf*,C, for every degree 

rise in temperature. This constant fraction,.or‘00566 
nearly, is called the eoe^cient of expannon. 

Thus, the pressure remaining constant, i volume of a gas 
at o°C. becomes (i +g^f:r) volumes at i®C.; (volumes 
at 2®C.; (ivolumes at io°C.; and as a general case 

( I ^ _ \ volumes at PC. 

*73 / . 


volume at 
volume at 


I + 


I + 


* 73 — *73 _ 


273 + ^9 


»73 


Absolute Temperature.—The standard temperature is o°C. 
If, however, the temperature be measured from a point 273'^ 
below o°C., we obtain what is called the absolute temperature. 
The absolute temperature is the temperature on the Centigrade 
scale plus 27 Thus, o°C. — 273° Absolute, I5®C.= 288® Abs., 
- I5°C. = 258® Abs.,—273 ®C.=o® Abs.; and generally, /®C.= 
{272 + /)® Abs. 

Now, if T and T' be the temperatures on the Absolute 
scale, corresponding respectively to if* and tf on the Centi* 
grade scale, then 7’«»(273+/j) and 7*={273 + /i); and if V 
and V* be the volumes of a gas at these temperatures tespec* 
lively, then the above formula may be written thus— 

V T ' ihT 

pm^;0T VTmVTs Or F-r-yr 

Hence, the £jaw of Charles is also Stated thus :—The pres- 
eure-heiug constant, the volume of a gas is preporimtai to its 
absolute temperature. 





V y 


4r 


.JUkf l^fif tjbo IiAw oi Qktt^ !• oolfi^ouoiAtely 

tipt* Both these htwe.af^f only m gnsesi not io vapoturt.. 

Calculation of Volumes of CaeSe at Different Tempera- 
fv/Wn^Knowteg the voltine of e Has at a particular tesapera- 
ttire, we can (iaccording to CInidei’s taw) cdchlate Ha volilnne 
at any <Hher teinperktute. 

Example i. 7 *S(w litres ef a gas at (PC. are heated to too 
C. ; to find the new volume. 

Suppose Vis the volume at 100*^0.; 

. V 173 HOO „ ax373 

then or *'7 htres nearly. 

2 273 + 0 273 • 


Example a. 7 ^e pressure remaining the same, 750 c.c. of 
a gas at i02°C. are cooled down to —go^C .; to find the decrease 
in volume. 

Suppose V is the new volume (at — 90°C); 

V 273—00 750x183 


then, 


or F. 


750 273 + 102 " ■ 375 

Hence, the decrease is 384 c.c. 


366 C.C. 


Example 3. To find the temperature at which a given 
quantity of air will double its volume at tf*C. 

l<et X be the required temperature, and V the volume ' of 
ah’ at 17®C. 

tV 273+Ar 

Then, ~pr= V73+ 7 7 ’ *** *73+-2'-58o, or x:=307®C. 


. Calculation of Volumes of Gases atDifferent Tempera^ 
iures and Pressures. —It may be required to calculate the 
volume of a gas when both pressure and tentperature vary. 
In such cases we are first to calculate the volume supposing 
either the {Measure or the temperature to remain constant, and 
then we are to correct this volume for'the alteration of pressure 
or tem[>erabire. Or, we may calculate the volume at once by 
combhung the laws of Boyle and Charles, thus— 

V F 

Pram Boyin’a Law we have v ; nnd from Charles's 
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Law wef have ^ Ccntbiaii^ thaw two loraiMha we jgdt 




v 


'/w 


or 




la calculating the yolttine of a gas, sefereace is lo^ to 
o^C. and 760 mm. as the ‘normal temperature and pmasitrei’ 
for which N.T.P. ia frequently used as an abbreviation* 


ExawvLe I. A giu occupies 40 c. c. at N.T.P,; to fimdits 
volume at i^C. and Soo mm. pressure, 

N. T.P. means o^^C. and 760 mm. First,suppose tlw preaame 
remains constant, and calculate the volume at 15*^,^ 

^ - 121+15 40 X s 88 

40 *73 ’ *73 

This being the volume at 760 mm., it is to be corrected for 
Soo mm.— 

. rx8oo= X ^60. 

Or, c* ixarlj’. 

800 X *73 

The result may be obtained in one step if we Use the 
combined formula given above. 


Ezamplb *, What will dy* cx. of oxygen'at ••4g^C. and 
j 100 mm. meas$tre at 3S7°C. and i8go mm, ? 

V*PT 

Using the combined formula , we have 

PL, origiPal vol. x original press, x new absolute temp. 

. new press, x original abs. temp. 

_ 67*xiioox(* 73 + 357) .>,6 7SX ttooy63o Jj,oop^ 
1890 X (*73>-49j “ i890x**4 

DifAxsion of Oases. —Diffusion means the qnreading of 
one fltrid in another. When a stout bottle cOBttdaing hydrogen 
is placed above a stout bottle of oxygen, and the two botUes 
are Md mouth to mouth or are connected by a glass tube, 
4 t is found that after a while the two gases mix with each 
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o&er. Tiiat is, in i^qposHioa to gnvitaUon; the ti^ht .hydr^geh 

gas partly descends into the lower bottle, and the heavier 

/ 

oxygen gas partly makes' its Way up into the bottle of 

/ * 

hydrogen. After some time both the bottles will contain a 
unifonn mixture of -the two gases: as may be proved by 
holding a lighted taper to the mouth of each bottle, when the 
contents wH) explode. Similarly U may be proved that' other 
gases inteipienii^rate and mix with each other. This nsitural 
process by which one gas spreads through another, is called 
Gastpus Diffusion. Diifosion goes on both when the gases are 
placed in contact as well as when they are. separated by, a thin 
porous substance {e.g., a‘layer of plaster of Paris*, or a thin 
earthenware}. The lighter the gas, the more readily does 
it diffuse. 


Graham’s Law of Gaseous OifTuaion.—By performing careful 
experiments with different gases, Graham discovered that the 
rates of diffusion of gases are inversely proportional to the squarf 
.roots of their densities. Thus, the densities of hydrogen and 
oxygen being respectively i and i6, their rates of diffusion are 
as ^^16 to that is 4 to 1. In other words, 4 volumes of 
hydrogen will diffuse in the same time as i volume of oxygen. 

Atfliolysis.—The property of a less dense gas to diffuse 
more quickly, is made use of in order to separate a gas from 
a gaseous mixture, and thus to determine the density of a gas 
and the composition of a gaseous substance. The process cf 
separation of gases by diffusion is called Aimolysis. Ithis is 
illustrated when we pass a mixture of two gases {e.g., hydrogen 
and oxygen) through a porous material, such as a clay tobacco- 
pipe. In this case, the light hydrogen will diffuse out through 
the pipe, and the gas Issuing from the other end of the pipe 


will be found to be cbieily oxygen. 

JLixiotif} Tbooty oi Oases.—Physicists assume that the 
ipoolscttles of a gas atfi constantly moving rap'Klly and uniformly in 
sttmgbt lines i and when .during this motion they stoke against one 
another or against the walls of the containing vessel, th/ey re^mund' 
and continue to mdvh as before in new' directions. The*‘j^eSsafe 
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exeited<bf a gM on tbc *id«« of the caotalnii^ dmmI is the com- 
bioedi edfoct of ti»« *bootbanlisrat* of the vosssl by the ioolecoles. 

The Kinetic Tbrory explsins the behaviour of gases as stated 
h) the iawsof Boyle, Cbsunles, and Qrabam. (i) When Um space 
occbpied by a given mass of a gas is reduced, the niimbto of 
impattsoffhe ftioiecnYes (abd so tfae pressure) cm a given ama, 
In a ubit of time, is proportionately increased (Boyle's ZMtr). 
(i) When a git^ quantify of a gas is heated^ its pressure increases. 
This increase of pressure is explained by the dCnetic Theory as 
due to the increase in the motion (and so of the impacts) of the 
mcdecules. If the pressure remained constant, the greater velocity 
of the molecules would increase the volume of the gas (Chcetltys 
Lav;), ( 3 ) According to the Kinetic Theory, gases diffuse because 
their molecules are constantly in a state of motion ; the lighter 
the gas the greater is the velocity of its tiiolecales, and the more 
rapidly dobs it didfuse (Grahawfs Law). 

[The fact stated in the laws of Boyle and Charles, that different 
gases behave uniformly when subjected to the same alteration of 
pressure and temperature, can be explained on the supposition that 
'equal volumes of all gases contain the same number of molecules’ 
or that ‘the molecules of all gases occupy the same space.’ This 
hypothesis is what is known as Avogadrds Law], 

I t 

](riqiiefaetion of Gasos. — Under special conditions of 
temperature and pressure all gases can be liquefied. When 
gases are thus condensed they do not, of course, follow the- 
laws of Boyle and Charles. By applying cold and pressure, 
Faraday liquefied such gases as chlorine, ammonia, hydrogen 
chloride, sulphur dioxide. But hydrogen, nitrogen, oxygen, 
€arl>on monoxide, and a few other gases could not be liquefied 
by Faraday by Uie means at his disposal; and accordingly 
these g^ses came to be regarded as the permanenl gases, 
Std>Bequenty however, Pictet and Cailletet liquefied oxygen by 
sabjecUng it to great cold and pressure. Wroblewski condens' 
ed nitrogen and carbon monosdde, and so late as in i 
Dewar obtained liquid hydrogen. 

CritiN} TettpBrihtfe and Prsasure.—Andrews discovered (in 
i 860 that WfaiM the temperature e»f carbon dioxide tm above 
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its 

31*^;;., no amount oi i>ret8ur« was able to liquefy jgaf ^the 
■gas could only be l^uefied when its ttunpeFatmte was bdow 
33*^. So it has been found that lor every gas there is a certain 
temperature, above which it is impossible to effect ^ llque* 
faction of the gas. This particular temperature for a.gas is 
called it critical Umptraiure^ and the pressure reqmred to 
liquefy a gas at its critical temperature is known as its crfHc^l 
preu$trt» Ibe critical temperatures and pressures of hydrogen, 
'nitr<^ea and oxygen are the following'— 

Hydrogen ■^no°C. neariy ... 15 atmospheres nearly 

Nitrogen ... —146®C. „ ... 35 „ „ 

Oxygen ... —119*0. „ «. 50 „ 

V^ur and Ve^onr PreMoro.—A Vapcur is the gase¬ 
ous form of a substance that is ordinarily a liquid or a solids 
It is thus distinguished from a true gas which at ordinary con¬ 
ditions of temperature and ' pressure remains in the aeriform 
state. “A vapour is a gas whose critical temperature is rridtm 
'the range of ordinary terrestrial temperatures. A ^rmanent* 
gas is one which, at ordinary temperatures, is not condensable 
into liquid by pressure only." 

Evaporaiiou is the slow formation of V(q>our on the surface 
of liquids. It goes on at all temperatures; but the higher the 
-temperature of the liquid the more rapidly does it evaporate. 

VsiHMr Pressure.—The vapour of a liquid exerts pressure. 
'With the rise of temperature, more liquid is evaporated and so 
the pressure increases, llie quantity of vapour that £an be 
formed within an enclosed space is however limited. When a 
-close space contains as' much vapour as it can contain at a 
particular temperature, the space is said to be 'saturated' with 
the v^tour. In such a case the vapour exerts its highest 
pressure, tension, or elastic force. The pressure exermd by 
the saturated vapour of a liquid at a particular temperature is 
called its vapour tension or vapour pressure, 

A% the same temperature, vapours of differed liquids have 
different preasum. In other words, vmpossr pressure dspetsAs 
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Oft iJkt ^ Mfmd ivapora/ed. 

This may be experimentally proved aa follows. 

Four tubes, about 3 feet in length and clOMd at mie end, 
are complete^ filled with mercury and inverted over a mercury 
trbugh. One Of the ttd»es nafvea as a barometer; and a few 
drops of water, alcohol, and ether are introdoced (by means ' 
of a syringe oe pipette) Into the second, third, and fourth tubes 
respectively. As soon as the liquids reach the vacuum ih the 
tubes, they are changed into vapour, and the vapours depress 
the mercury in the tubes to different extents. Thus, at so*C., - 
the vapour of water depresses the mercury nearly 17 mm.,e 
alcohol vapour depresses it nearly 3 times as much, and ether 
vapour a5 times as much. The extent of depression in each 
tube represents the vapour pressure of the particular liquid for 
the temperature at which the experiment is made. 

Relation of Vapour Pressure to Boiling-point.—If, in the above 
elcperiment, the tube in which water has been introduced* 
is surrounded by a wider tube through which steam from 
boiling water is passed, the water in the tube gradually attains 
the temperature of the steam surrounding it, and the mercury 
in the tube is more and more depressed until it reaches the 
level of the mercury in the trough. The pressure of water 
vapour in the tube is in this case equal to the atmospheric 
pressure rm the mercury. Similarly, when the third and 
fourth tubes are surrounded by the vapour of boiling alcohol 
and eiher respectively it is found that the mercury in the 
tubes is depressed to the level of that in the trough. Hence 
we conclude that the vapour pressure of a liquid at its boiling 
temperature is equal to the aimoiq>heric |M«88ore. In other 
words, Ml ioilittg-podvtt :o/ a . liquid is ikai Umptraiure at 
wkicA its wpouf pressure is equal Jo the atmospheric pressure- 
on the liquid. Thus the boiling*point of a liquid is raised or 
lowered according as the pre^re is increased >or deefeased. 
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1. Explain Boyle’s Law {C. o8]. 

2 . State Charles’Law [i\. 04 ]. > 

60 cubic inches of hydrogen, originally measured at 20 are 
cooled to - 2 o*C. What will now be the volume of the gas ? [A>o 4 ] 

3 . State the relation between the volume, pressure and tern* 
perature of a given quantity of a gas [C. 99 ; A. 02], Explain 
clearly the influence of pressure and of temperature on the volumes 
of gases. How would you proceed practically to show the effect of a 
change of temperature on the volume, of a gas ? {C. 1913 ]. 

4. What do you understand, by the terms ’norma! pressure’ 
and 'normal temperature’ ? Why is it necessary to compare the 
votomes of gases at the same temperature and the same 
pressure ? [C. 03 ]. Why is it necessary to know the temperature 
of a gas, and to read the height of the barometer, when determin* 
mg gas volumes ? [A. 03 }. 

5 . When the pressure is 760 mm. and the temperature o*C, 
the volume of a gas is 910 c. c. What will be the volume of the 
same gas when the pressure is 728 mm. and the temperature is 
27 * C ? (C *99]- 

When the pressure is 735 mm. and the temperature 27 ’C., the 
volume of a gas is 2895 c.c. What will be the volume of the same 
gas in litres at N. T. P. ? [A. 02 ]. 

A volume of hydrogen measures i cubic decimetre at 20 *C. 
under a pressure of half an atmosphere. How many c.C 3 . will 
u occupy at io*C. and 700 mm. pressure ?'[A, 03 ]. 

6 . Write a short note on'Caseous Diffusion [A. 1915 ]. ^State 
the taw which regulates the diffusion of gases [A. 05 ]. 

,How does the kinetic theory of gases account for the different 
rates of diffusion ai different gases.? [A. 1911 ], 

7 . What do you mean by ‘atmospheric pressure’ ? How caa it 
be measured ? ,State also what is meant by ‘vapour pressure’ god 
describe an experiment which proves that at a given tomp^i^atdre. 
different substances have different vap >ur pressures. (A. ot} 



•CHAPTER IV. 

ORDWlBY CHEMIOiL OPEIttTIONS. 

» 

Oommon HetlK^ of Separation. —The following are 
the ordinary laboiatory methods for separating and purifying 
substances, viz., Solution, Decantation, Filtration, Evapora> 
tion, Distillation, Sublimation, Crystallization, Desiccation, 
and Ignition. 

(1) Solution.—It is the process of dissolving substances 
in liquids. The liquid which dissolves a thing is called the 
solvent^ while the substance itself is said to be soluble in the 
particular liquid. By solution we can separate a soluble 
substance from its mixture with insoluble substances. When 
\tie have got, for example, a mixture of sand and sugar, we 
may separate the sand by adding water to the ntixture; the 
sugar will be dissolved and the sand will settle down. .When 
we have dissolved as much of a substance (whether a solid or 
a gas) as can possibly be dissolved in a certain quantity of a 
liquid, the solution is said to be taluraitd. 

(2) Decantation.—It means carefully pouring a liquid 
without disturbing the sediment over which the liquid stands. 
By this means we obtain a clear liquid free from solid particles. 

(5) tF iltration.—This consists in passing a liquid through 
a porous substance which retains the solid matter that was 
mixed up with the liquid. Thus, when a mixture of chalk 
and water is poured over filter-paper, the chalk is retained 

I _ 

on the paper and the water passess through. The liquid 
obtained by filtration is called the filtrate. By filtration a 
liquid is freed from the solid particles held in suspension (i. e. 
floating in the liquid). 

( 4 ) Kvaporation.—It means the conversion of a liquid 
into vapour by the iq>pUcation of heat. By this process we 
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recover a Solid held in solttti<Mi in a liquid. Thus, by heatii^ 
a solution of sugar, the water passes off as steam and the solid 
sugar remains behind. 

(5) Distillation.— ^is cbnsists in the combination of 
the opposite processes of Evaporation and Condensation. 
The liquid to be distilled is first converted into vapour which 
is then condensed in a cool vessel. By this means a liquid is 
freed from non-volatile impurities contained in it. The liquid 
obtained after distillation is called the ditHllatt. 

Leibig*! Condenser (Fig. 12).—^This is an apparatus conveniently- 
used for distillation. It consists of a glass tube C fitting inside 
another tube D; the tube C is kept cool by a current of cold 
water entering the tube D through d and passing out through r. 
The liquid to be distilled is heated in the flask A: after it 
has commenced to boil, its vapour passes through the tube 

b into the condenser, 

i 

and all solid matter 
that was mixed up 
with the liquid re¬ 
mains behind in the 
flask. The vapour, 
on entering the cold 
Fig. 12. tube C, is condensed 

to a liquid which trickles down and is collected in the receiver £. 

Fractibfldi Distlttation.—This is the method employed when we 
have to separate two or more liquids that have widely different 
boiling-points. A mixture of the liquids being heated, they- 
vapOrize In the order pf their volatility; and when the disttllatefs 
afe successively collected in separate vessels, the earlier dfatil- 
laites contain more of the low-boiling liquids, while the later 
distillates contain more of the high-boiling ones. Thebe frac-' 
tional distillates being repeatedly distilled, a mOre or less OOm- 
plet^‘ separatloa of the liquids Is effected. This probesS of 
distilHnl^ ffiltiids in portions is called Fr^timd Disfhia/hn. 
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For instance, when we have to separate alcohol from water, 
we heat the mixture of the liquids and separatety collect the 
distillates at about and lOO^C. (die respective boiling- 

points of alc<diot and water). The distillates being redistilled 
in the same way, and by repeating the process if necessary, 
we obtain nearly pure alcohol and pure water. 

Dry or Destructive Distillation.—This process (used in the manu¬ 
facture of coal-gas from coal, charcoal from wood, and so forth) 
consists in heating a substance in a closed vessel, so that air 
cannot enter and the substance cannot bum up : by this means 
the volatile products {e. g. gas and tar) pass off, and the solids 
{e. g. coke, Charcoal) remain behind. • 

(6) Sublimation.—It is the process of converting a, 
solid into vapour and then reconverting the vapour into the 
solid. If we heat in a vessel some*camphor or sal-ammoniac, 
ihe substance will not melt into a liquid but will pass off into 
Trapour which will condense as crystals on the upper part of 
the vessel *, nothing will be left in the vessel' excepting some 
impurities with which the substance might have been mixed up. 
The solid obtained by sublimation is called the sublimatt. 

Substances which pass off as vapour, and can therefore be 
distilied or sublimed, are called volatile. Those which cannot 
be distilled or sublimed are called fixed, 

(7) Crystallization.—It is the method of obtaining 
solid substances in the shape of crystals. Crystals may be 
form^ in the processes of Distillation and Sublimation; they 
are also obtained by cooling a fused ma£s (as in the prepara¬ 
tion of prismatic sulphur), or by evaporating the solution 
of a solid (as when crystals of sulphur are obtained from its 
solution in carbon disulphide). By crystallization we purify 
solids and separate less soluble solids from more soluble onn. 

(8) Desiccation or Drying.—It is the process of 
removing moisture (i.r., traces of water) from gases. Quicklime, 
sulphuric acid, calcium chloride,, phosphorus* pentoxide, &c. 
are very good desiccating agents; hence a gas is dried by 

3 
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passing it (according to the nature of the case) through one of 
these substances which absorb all moisture. 

(9) Ignition*—It means strongljr heating or setting 
fire to a substance. When one thing has to be separated from 
another which cut be burnt, we take advantage of the situation 
by strongly heating the mixture so that the latter component 
may burn off. 

Collection of Oases. —For experimental purposes gases 
are collected in gas-jars or bottles. The tube by which the 
gas passes from the generating apparatus to the gas-jar, is 
called the delivery lube or leading lube. The method of 

I 

arrangement of the delivery tube and the gas-jar varies accord¬ 
ing to the nature of the particular gas to be collected— 

I. When Ihe gas is insoluble or is only slighlly soluble in 
wa/er, il is collected over the pneumatic irought i. e. by displace¬ 
ment of water. The following is the method:—Pour water 
into the trough so as to cover the shelf; fill the gas-jar com-, 
pletely with water, and, having closed its mouth with the plate, 
invert and place it with its mouth under the water in the trough; 
now remove the plate. The generating apparatus being ready, 
place the free end of the delivery tube under the shelf in the 
trough. When the gas has driven all the air from the apparatus, 
place the gas-jar over the shelf, taking care that the mouth of 
the jar is always under the surface of the water. When the 



ng. 19. Fig. 14. 

jar is filled with the gas; close its mouth with the plate, and 
remove it from the trough. 
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The follows^ gates are cdtected by this medidd— 

(i) Hydrogen, nitric oxide, carbon dioxide, acetylene,, 
sulphuretted hydrogen ; 

(tj) Oxygen, nitrous oxide, carbon monoxide, marsh gas„ 
ethylene. 

The first five are prepared without heat (Fig. 13); the last 
five require the application of heat in their preparation (Fig. 14). 

//. When the f>as is toluble in voaier and is heavier than 
air, it is collected by downward displacement of air. For this 
purpose the gas-jar or bottle is placed upright (t. e. mouth 
upward^ and-its mouth is loosely covered with ordinary paper 
or cardboard. The delivery lube is led into the jar, after l^ing 
passed through one or more wash-bottles where the gas is 
purified. (Fig. 15). 

Chlorine, hydrochloric add, and sulphur dioxide are col¬ 
lected by this method. All these gases are prepared by the 
application of heat. 



Fig. Id. 

///. When the gas it soluble in water and it lighter than 
aitr^ it is collected by upward displacement of air. In this 
arran gement the delivery tube is led upright, and the gas-bottle 
is held inverted over it. (Fig. 16). Ammonia is collected by 
this method. 
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University Szasnination Qaestions. 

u Explain th« meaning of the terms Destructive Distillation 
and Distillation [C. 93 ] Describe the process knoem as distillation. 
Wherein does it difier from ^destructive distillation’ ? [A.. 94 ]. 

2. EKplain the term Crystallization [C. 1910], Sublimation 
[C. 191'ij. Illustrate by examples. 


CHAPTER V. 

SOLUTION AND CRYSTALLISATiON. 

!• 

Solutions. —A solution is the homogenous mixture of a 
substance with a liquid. We may have the solution of a gas 
-with a liquid, of a liquid with another liquid, or of a solid with 
a liquid. The liquid which dissolves a substance is called a 
solvent. When a gas is dissolved in a liquid, the liquid is 
said to absorb the gas. Water is the most common of all 
solvents; other solvents are alcohol, ether, turpentine, kc. 

Solution of Gases. —Nearly all gases are more or less 
soluble. The solubility of a gas depends on the nature of the 
gas and of the solvent, the temperature of the solvent, and the 
pressure of the gas. Gases are less soluble in hot liquids than 
in cold ; hence, when a solution of a gas is heated, some of the 
dissolved gas is expelled. 

Henry’s Law.-wHenry discovered that the quantityji.f., 
mass) of a gas absorbed by a liquid is proportional to tlte 
pressure. But as the volume pf a given quantity of a gas is 
inversely prt^rtional to the pressure (Boyle’s Law), Henry'* 
Law is stated thus '.--A given volume of a liquid absorbs the 
same volume of a gas at all pressures. Thus, if a quantity of 
water absorbs x grams of oxygen under s pressure of one 
atmosphere, it will absorb tx grams of oxygen under a pressure 
of two atmospheres. But as, by Boyle’s Law, x grams under 
a pressure of i atmoi^here occupy the same volume as tx 
grams under a pressure of a atmospheres, the volume of the 
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gas dissolved by the given quantity of tiie liquid remains ^e 
same at both the pressures. Henry’s Law finds practical 
application in the manufacture of aerated waters. 

Cosifioient of Solubility. —The solubility of a gas in a particular 
liquid, called the " coefiicient of solubility or absorption," is 
detewnined by the volume of the gas that can be absorbed by 
a unit volume of the liquid at d*C. and 760 mm. pressure. 

Solubility of a Mixture of Gases: Law of Partial 

Pressures. —Dalton discovered that the pressure of a mixture 
of g^ses is the sum of the pressures which they would exert 
independently: the pressure of each of the component gases 
is thus called its partial pressure. It follows therefore from 
Henry’s Law that when a mixture of two or more gases is in 
contact with a solvent (with which the gases do not act 
chemically), the solubility of each gas is proportional to its 
partial preset^. I'his is known as Dalton’s Law oif Partial 
Pressures. 

The solution of air in water illustrates this law. As air 
contains by volume \ oxygen and ^ nitrogen, the partial 
pressures of the gases are 7 and of an atmosphere. Taking 
the coefficients of absorption of the gases as '04 and 'os, the 
amounts dissolving in i volume of water are‘04 x-^ia'OoS 
and 02x4=016 respectively. That is, too volumes of 
water dissolve *8 volume of oxygen and 1 6 volumes of 
nitrogen— altogether 2*4 volumes of air. 

Solution of Liquids. —Of liquids which form a homoge¬ 
neous mixture with each other, some are miscible in any pro¬ 
portions, while others mix only slightly and in definite quan¬ 
tities. For example, water can be mixed with alcohol in any . 
proportion, but not so with ether. 

Uguid Diffusion. —When liquids which can mix with each 
other are placed in layers, one above the other (the lighter 
being at the top*, they are found after some time to have formed 
a homogeneous mixture. This spreading of one liquid into 
another resembles the diffusion of gases, and is called Liquid 
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Difusht$, It appears, therefore, that though a liquid may 
acem to remain quite motionless, its particles are in a state of 
motion. Liquid diffusion goes on even when the liquids are 
separated by a membrane (such as, bladder or parchment- 
paper) ; the diffusion of liquids through such a membrane 
is called Otmote, 

m 

Solution of Solids. —Of solids, some are soluble in water, 
some are only imperfectly soluble, and others are insoluble. 
Some solids do not dissolve in one liquid, but are soluble in 
other liquids. For example, shellac is dissolved by alcohol 
but not by water, sulphur is soluble in carbon disulphide but 
not in water or alcohol, bees-wax can be dissolved by oil of 
turpentine alone. 

The solubility of a solid generally increases with rise of 
temperature of the solvent : that is to say, the higher the temper¬ 
ature of the liquid the greater is its powerof dis-olving a 
solid. Common salt is, however, almost equ^y soluble in 
hot and coid vater, The solubility of a solid at a particular 
temperature is defined as the number of grams of the solid 
dissolved by loo grams of water at that temperature. [For a 
Table of Solubilities see Appendix]. 

Saturated Solution, —When a liquid has dissolved at a 
particular temperature as much of a solid as it can, the solution 
is said to be saturated. A saturated solution at a given tern- 

i 

perature may be prepared in two ways:—(i) by maintaining 
the liquid at the particular temperature, and gradually dissolv¬ 
ing in it more and more of the solid by constant stirring or 
shaking; or (a) by dissolving in the liquid at a higher tem¬ 
perature an excess of the solid, and then cooling the solution 
to the required temperature, after adding to it a fragment of 
the solid. 

In the latter method a fresh fragment of the solid is added 
in order that the excess amount of dissolved solid may be 
readily deposited. Unless this be done, the solution may 
cool down without parting with the excess of the solid dissolved : 
the solution in this case being called supersaturated. 
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Separation of Solids from a ^xtare.^-Wben a mix¬ 
ture contains soHds, one of which is soluble and another 
insoluble in a particular liquid, we may separate the solids by 
means of that liquid. We may thus also ascerttun the ref^>ective 
amounts of the soluble and insoluble parts of s mixture. 

Separation of the components of Gunpewder.-^<hin- 
powder is a mixture of nitre, sulphur, and charcoal. Of these, 
nitre is dissolved by water, and sulphur by carhon disulphide, 
while charcoal is not soluble in either of these liquids. 

Let us put a quantity of the gunpowder in a beaker, pour 
warm watv over it, shake, and then filter. A moist mixture 
of sulphur and charcoal will be left on the filter-paper, while 
the filtrate will contain the nitre. If we now dry the residual 
mixture, treat it with carbon disulphide, and then filter, 
charcoal alone will be left on the filter-paper. On evaponuing 
the two filtrates we obtain the nitre and the sulphur. 

Determining the Percentage of the Soiubie and ln~ 
soluble Parts of a Mixture. —We put a weighed quantity of 
the mixture in a porcelain dish, pour into it water or the 
suitable solvent, stir for some time, and (when the undissolved 
portion has settled down) pour the liquid through a weighed 
filter-paper. We add again a little of the solvent, stir, and 
filter the liquid through the paper. When all the soluble 
portion has been filtered off, we transfer the insoluble substance 
to the filter-paper, and wash it thoroughly with the solvent. 
Now we dry the insoluble matter and the paper, and s^igh. 

The percentage of the substances may be calculated as in 
the following example— 

Weight of mixture... ... .«• 4 grams 

„ „ filter-paper ... ... 0*5 „ 

„ „ filter-paper and insoluble part ... 3*73 „ 

„ „ insoluble part (*73“0'5)ss 3-33 „ 

Thus, 4 parts of the mixture contain 3*33 parts of insoluble 
matter. We have to calculate what will too parts of the 
mixture contain: 
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4 ; 100:: »• J3 : x. I, Jf- i2°JL£^la=58'5 parts Insoluble. 

4 

.% 100 •-58’5=:4I’5 „ Soluble. 

yi|tHing Scdubllity of ft Solid.—To find the solu* 
btlUy of a solid sU a certain temperature, we take a flask 
containinsf some water and place it in a water-bath kept 
constantly at the particular temperature. We gradually add the 
powdered solid to the water in the flask, and shake well, until 
a portion of the solid remains undissolved. After the undis¬ 
solved solid has settled down, we transfer a little of the 
solution to a previously weighed porcelain dish,^and weigh 
when the solution is cool. We then evaporate and dry the 
contents of the dish, and weigh them when cool. 

The results are calculated in the following way— 

Second weighing ... 3873 gramsssweight of dish and solution 

First „ ... » dish 

Difference ... S'ly „ « „ „ solution 

Third weighing ... 21*98 grams-weight of dish and solid. 

First „ ... 20*56 „ = „ „ dish 

Difference ... 1*42 ,, =» „ „ solid 

That is, (8*17—1*42) grams of water dissolve 1*42 grams of solid 
• • 100 ,, ,, ,, „ X „ ,, ,, 

where x — — 1 ? 021 grams. 

6*75 

Solubility Ourres.—The solubility of various sabs at 
different* temperatures are graphically represented by means 
of curves (Fig. 17). The vertical lines indicate temperatures, 
and the horizontal lines indicate the number of parts of a salt 
that can be dissolved by 100 parts of water. Thus, loo grams 
of water dissolve 30 grams of potassium nitrate at 20*C., 
6a grams of it at 40*^C., and so on. Common salt (sodium 
chloride) is soluble in water almost equally at all temperatures. 

Oirystals.—Crystals are homogeneous solids which have 
definite geometrical forms and which reflect light from their 
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plane faces. Solids that are not crystalline are called amor~ 
phous. Crystalline solids can be distinguished from amorphous 

Fig. 17. 



bodies when they are broken : an amorphous substance shows 
irregular structure and breaks in any direction, while a crystal 
splits in definite directions (called eJeovogt) and its fragments 
have regular shapes. 

Crystals are classified in six groups or systems, viz. (i) 
Cubic or Regular, (a) Quadratic or Pyramidal, (3) Trimetric 
or Rhombic, (4) Monoclinic, (5) Triclinic, and (6) Hexagonal. 
The same substance usually crystallises in the same form. But 
there are some substances (as carbon,, sulphur) which may 
assume two distinct crystalline shapes : such things are called 
dimorphouu Sometimes different compounds crystallise in the 
eymi> form: these are said to be isomorpkous with each other. 
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Isomorphism. —It means similarity of form. Substances 
having similar cbemicar constitution often crystallise in the 
same form. Thus, zinc sulphate forms crystals of the same 
geometrical form as ferrous sulphate or magnesium sulphate. 
So the crystals of ammonium chloride and patassium chloride 

I 

are found to be similar. Such pairs of compounds are accor* 
-dingly called isomorphous. There are two characteristics of 
tsomorphous substances (i) They form layer crystah, i.r., 
when a crystal of one such substance is placed in a solution 
of another, it continues to grow without change of form— a 
layer of the second substance being deposited on the crystal. 
^ 2 ) They form mixed crystals, i,e,, when a solution' containing 
two such substances is allowed to crystallise, we get homogene¬ 
ous crystals of a mixture of the two substances. 

[The phenomenon of isomorphism is sometimes made 
use of as a confirmatory test in determining the atomic weights 
of elements. For instance, in the case of a crystal of zinc 
sulphate, magnesium may be replaced for zinc without altering 
the crystalline form of the substance. The replacement is 
here ahm for atom. Knowing the atomic weight of zinc to be 
- 65 , if the weight of magnesium required to replace this weight 
of zinc is found to be 24 , this number is taken as the atomic 
weight of magnesium.] 

Formation of Crystals. —Crystals are formed in one of 
three ways:—(i) by the cooling or evaporation of a saturated 
solution of ‘ a solid, as when crystals of copper sulphate**are 
obtained from their solution in water; (2) by the solidification 
of a fused substance, as when prismatic sulphur is obtained by 
melting ordinary sulphur; (3) by the condensation of vapours 
of volatile solids, as when camphor or iodine is obtained by 
sublimation. 

The more slowly do crystals grow, the bigger and more 
regular are they in size and structure. 

Water of OrystaUisation. —Many crystalline salts enter 
into a feeble chemical union with water : and when the water 
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contained in them is removed the crystalline form of the 
eubstances is destroyed. Water thus associated with crystals 
as an essential part of their constitution, is called waUr 
•(rysiallisaHon. Thus, crystals of copper sulphate contain about 
36 per cent, of water. Other examples of crystals contiuntng 
water are crystals of washing-soda, gypsum, common alum. 

Water of crystallisation can be driven off by heat, 'nius, 
when we heat crystals of copper sulphate, water is evolved, the 
crystals lose their blue colour and are reduced to a while 
powder. If now some water is added to the powder, heat Is 
generated, and the blue crystals are again formed. 

Substances containing water of crystallisation are palled 
■hydrattd, as distinguished from substances which contain no 
water and which are therefore called anhydrout. Thus, the 
blue crystals of copper sulphate are hydrated ; but when the 
substance is reduced to a white powder by heating, it is anhy¬ 
drous. It is to be noted that water is not an essential part of 
all crystals; for example, crystals of common salt and of 
potassium chlorate are anhydrous : 

Efflorescence and Deliquescence. —Certain substances containing 
water of crystallisation slowly .part with it when they are expos¬ 
ed to the air: such crystals are called tfflorescint, and this pro¬ 
cess of losing water of crystallisation is called effiortscence. 
For example we have sodium carbonate (or washing-soda) 
which when exposed to the air for some time is reduced to a 
powdery mass. On the other hand, deliguesctnce is the pro¬ 
perty which certain solids have of absorbing moisture from the 
air and of becoming moist and sometimes liquid : these bodies 
are called deliquescent. Calcium chloride and potassium 
carbonate are examples. 

Determination of Water of Crystallisation.— The 

percentage of the water of crystallisation of a solid ( 1 . t. the 
-amount of water of crystallisation contained in too grams of 
a hydrated solid) can be determined in the following way: 

We weigh a porcelain crucible, put in it a gram or two of 
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^ crystals, and weigh again. The substance is then gentijr 
heated for some time. When the substance is perfectly dry 
we remove the crucible, allow it to cool in a desiccator, and 
we^h again. 

The results are then calculated thus— 

Second weighing...16*57 grams weight of crucible4-crystals 
First „ 15*07 „ =** „ „ crucible 

Difference.. . 1*5 „ =■ „ „ crystals 

Second weighing... 16*57 grams-a wt. of crucible 4* crystals 
Third „ ...15*63 „ • „ „ crucible + (crystals-*water) 

Difference ... 0*94 „ •• „ „ water 

That is, 1 *5 grams of crystals contain 0 94 gram of water 
.. 100 „ „ ,, „ X „ „ ,1 

when 627 grams nearly. 

Hence, the composition of the crystals is approximately 
this :—anhydrous solid 37*3 per cent,, and water 62*7 per cent.^ 

University Examination Questioxis. 

1. What is meant by ‘saturated solution’ [C. 08], ‘solubility’ of 
a salt ? [€,03]. 

2. Explain the influence of temperature on the solubility of (<5f) 
a solid, and { 6 ) a gas in water [C.08]. 

3. If a mixture of nitre or salpetre and sand is given to you, 
how can you obtain from the mixture, solid nitre free from sand ? 
[C.03]. You arc given a mixture of sand, chalk, and common salt. 
Describe how you can find out the percentage of the three constitu¬ 
ents in the mixture, explaining clearly the various operations in¬ 
volved [C.1910]. How'''would you separate the constituents of a 
sample of gunpowder ? [C. 1915]. 

4* Give a clear account of the method you would use to de¬ 
termine the solubility of common salt at the temperature of the air 

[C.o53‘ 

5. Explain the use of solubility carves fC.05]. Show by a curve 
the. difference in the solubility of potassium nitrate and sodium 
chloride in 100 parts of water between o”C, and 6o®C. (C.oBj. 

6. Explain the following terms :—crystal [€*03], isomorphism 
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[C 1915,16], water of ciystaliization [C. 07,1911, £4}i deliquescence 
[C. 03,99,07,1910 : A. 1914], efflorescence [C. 07,1911, ,16'.. 

7. Describe fully how you would proceed to determine the 
water of crystallization of copper sulphate, and j;ive its formula 
before and after the operation [C. 1911, 14]. 

8. What are crystals, and bow are they generally prepared ? 
How would 70U prepare crystaFs of sulphur, saltpetre, and green 
vitriol ? What would happen if you heat these crystals ? [C. I9i6]i' 


CHAPTER VI. 

COMBUSTION AND THE FLAME : 

OXIDATION AND REDUCTION. 

Combustion. —CombusHon is chemical union of two su&i' 
tances attended with heat and light. Ordinarily it means chemi' 
cal union of a substance with the oxygen of the air, such imioa 
being accompanied with evolution of heat and light. Combus¬ 
tion may be (i) active or rapid, when it is called burning, or 
(2) it may be slow, as when iron gradually rusts in the air, or 
when moist organic substances undergo decay by being exposed 
tg the air. In the latter case the production of heat is not 
apparent. 

Ignition and Incandescence. —Ignition means heating very strong¬ 
ly, and seems to include combustion as well as incandescence. 
In the case of combustion a substance is changed materially, 
as the effect of igniting coal or magnesium. In the case of 
incandescence, on the other hand, a substance glows with light, 
becoming first red-hot and then white-hot, without undergoing 
any chemical change; such is the case when quick-lime or 
platinum is ignited, or when the carbon filament glows in the 
vacuum of an ‘incandescent lamp.’ 

^Combustible Bodies and Supporters of Combustion .— 
Ordinarily, in cases of combustion, the substance which bums 
(e.g., hydrogen, coal-gas) is called the combustible or injlam- 
mable body, and the air or oxygen which surrounds the burning 
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substance is called the supporter of comhusiion. What actualljr 
takes place in these cases, however, is chemical union of oxygen 
whh the inflammable body; and the combustion would equally 
take place if the order of these substances were reversed. Thus, 

I I 

a jet of air or oxygen burns as freely in hydrogen or coalgas, 
as the latter burns in the formes. The terms combustible amt 
supporter of combustion are therefore purely relative. This 
may be proved by the following experiment: — 

Let us hold a jar of hydrogen mouth downwards, and set 


fire to the hydrogen it will burn at the mouth of 
the jar. Let us now quickly thrust a jet of oxygen 
into the jar: the oxygen will catch fire while 
passing the burning hydrogen, and will continue 
to burn within the jar. 

Here we have a case of ordinary combustion at 
the mouth of the jar— the hydrogen being the com¬ 
bustible body and the air (i.e., oxygen) being the 
supporter of combustion. But within the jar we wit¬ 
ness a case of reversed or inverted combustion — the 
oxygen being the combustible, and the surrounding 
hydrogen being the supporter of combustion. 
Similar experiments may be performed with other 



Fig. 18 . 
substances 


ordinarily called combustibles {e.g., coalgas, alcohol, sulphur) 
and supporters of combustion [jt g.<, chlorine, nitrous oxide). 

Ozyhydrogen Blowpipe; Limelight.— The oxyhy^ro- 
gen blowpipe is an apparatus in which hydrogen (or coalgas) 
is burnt in a stream of oxygen. The resulting flame gives very 
little light, but is intensely hot. It is used whenever a very 
high temperature is required, as in melting the metal platinum. 

When an oxyhydrogen or oxy-coalgas flame is made to 
impinge on a cylinder of quick-lime, the substance becomes 
incandescent and emits a dazzling white light. This is known 


as l\me~light or Drummond light, and is used in magic-lanterns 
and for other illuminating purposes. 
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Stoat OombOStionu—When anything bunis» a certain 
temperature is reached and a certain amount of h«U is given 
out. If the combustion is rapid the temperature is high, and 
if the combustion is slow, (as in the case of rusting of iron) 
there is no appreciable rise of temperature. But in. both cases 
the amount of heat evolved is the same, when the same product 
is obtained by the combustion of a given quantity of .finy 
substance. 

Kindling Temperatars. —For every combustible substance there; 
is a certain temperature which must be attained before it 
burns : this temperature is called the kindling Umperafure or 
ignition point of the substance. A substance does not burn- 
when it is cooled down below its kindling temperature. The 
ignition point of some substances {f g., liquid phospboretted 
hydrogen) is below the ordintyfy temperature of the air : such 
substances are called spontaneously inflammable. 

• The Wire Gauze, and its use.— The fact that different 
bodies have different kindling temperatures is illustrated every 
day in our laboratory. When a piece of wire gauze is brought 
upon the flame of a bunsen burner, the flame spreads beneath 
the gauze and not above it. Again, 
when a piece of wire gauze is held a 
little over the top of the burner, and a 
lighted match is applied to the Issuing 
gas above the gauze, the gas burns above 
and not below the gauze. In both these Fig. 19 . 

cases, the fiame does not pass on the othet side of the gauze ■ 
because, the heat of the burning gas is so rapidly dispersed 
away by the wire gauze that the gas on the other side of it 
does not attain its ignition point. If however, in the above 
cases, hydrogen were used instead of coalgas, the flame would 
have spread both above and below the gauze— the ignition 
' point of hydrogen being lower than that of coalgas. 
v^'Davy’s Safety-lamp. —The safety-lamp, used by miners 
to avoid explosions of marsh-gas occurring in coal-pits, Ulus- 
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trates the principle of kindling temperature of gases, ft ia^ an 
ordinary oil-lamp, with ita flame suirounded by mre gauze. 
When the lamp bams, the heat is so quickly a>nducted 
away by the wire gauze that the inflammable mixture of marsh 
gas and air outside the gauze cannot reach its kindling tem¬ 
perature; so thiU no serious explosion takes place. 

V The Flame, and its stractnre.— A fiAme is a visible 
mass of intensely ignited g^s or vapour. It marks the region 
where two gaseous bodies meet and combine with emission 
of heat and light. Solids and liquids do not burn with a 
flame until they are changed into vapour: for instance, in the 
case of candle-flame, the materials of the candle are first 
melted and then drawn up the wick and vaporized. Different 
substances have different kinds of flames. Thus, the flames 
of inflammable hydrocarbons are more or less luminous, whilst 
the flame of hydrogen emits intense heat but very little light. 

I 

The flame of a candle or coal-gas consists of four parts: — 



(t) The dark central zone (A)— consisting 
of unburnt gases. This portion is hollow, i.e,, do 
combustion goes on here ;* - hence it is not 
properly a part of the fl ame. 

(t) The luminous middle zone (B) of in¬ 
complete combustion'— consisting of partially 
burnt gases and particles of carbon.f This is 
the region of light of the flame. This portion 
gets an insufficient supply of oxygen, and so' 


Fig. 20. exerts reducing action. 


* 

^ 1. Insert one end of a narrow glass tube into the central zone ; 
some^f the unburnt gases will bo drawn od* at the other end of the 
tube, where they may be burnt, 

2. Quickly thrust a luoifer-matoh into the central zone : the wood 
will be charred, but the match will not catch fire unless it touches the 
edgee of the fiame. 

t QuioUy. depreas a sheet of white paper horizontally into the 
flame, mid remove it after a few seconds. Ooserve that a ring of soot 
(carbfw) has been deposited on the paper, its centre retnainttig white. 
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(3) A small blue tome ^' ^e' M 9 i of tbe mlttk, shading 
oS into ihe mantle. 

f 

I r , 

(4) The mantle or noh-lummous ohter zoite (C) of com]ilete 
combustion—consisting mainly of water^vapour and carbon 
dioxide. This is the region of heat of the flame. This portidn 
baa a full supply of oxygen, and exerts bxidiaiog. action.* 

v*^uminoslty of Flamesf. —The lumhtosity of a flame 
depends chiefly on the density of the burning gas and the 
presence of solid particles in it. Thus ih ordinary oil-lamps 
the- denser is the vapour produced and the richer is it with 
carbon, the greater is the light of the flame. The brilliancy of 

lime-light is dne to the presence of the solid lime in the liot 

< 

ncnplttminous oxyhydrogen flame. 

The Bunsen Burner : Its partz.—‘In this lamp, devised by 
Bunsen, coal-gas is suitably mixed with air before it is burned. 
The instrument consists of the following parts : 

(1) the side-tube (r) at the foot of the lamp, 

t 

through which coal-gas is supplied ; 

(a) the jet or burner (i), from which the gas 
issues; 

« 

(3) the burner-tube (/), to the top of which 

the gas passes up mixed with air; 

(4) the air-holes (k) at the base, through 

which air enters, but which may be Fig. 21. 

• partly or wholly closed by turning a ring surround¬ 
ing them. 

Its.llame.—In the Bunsen burner, a complete combustion 
of the gas takes place owing to its being mixed up with air; 
and so the flame is smokeless and noii-tuminous. The flantd 
is blue and has high temperature; it has no luminous middle 
zone. If, however, the air-holes are clo^, the ftamw is sthoky 
and luminous like an ordTmaty gas or candle flame. 




Fm the vsdttdng and oxidising powers of a flame see below. 
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Oxidation and RjBdnctidn*— >Wben we strongly heat 
copper turnings in a current of air or oxygen^ the is 

converted into cupric qxide. Here the metal combines with 
oxygen and is said to be oxidised or to undergo oxidation. 
The changes that take place when some other metals are 

t 

heated in air (See pp. 7, 8) or anything is burnt in air or oxygen, 
as well as when iron rusts or vegetable and animal bodies 
decay slowly in air, are all examples of oxidation. 

To study the opposite process, vire put some cupric oxide 
in a bulb-tube (or in a porcelain boat placed within a hard glass 
tube), and pass dry hydrogen or car¬ 
bon .ptonoxide or coal-gas through c 
the tube. • When the gas has swept 
all the air out of the apparatus we 
light it at the jet of a connected Fig. 22. 

tube, and thus admitting a regular stream of the gas we heat 
the cnpric oxide to redness: the black copper oxide is soon 
changed into red metallic copper. Ferric oxide and lead oxide, 
when similarly heated in a current of hydrogen, are changed 
into the metallic state. In these cases the oxides of the metals 
lose oxygen and are said to be reduced or to undergo neduclion. 

Properly speaking, oxdia/ion means addition of oxygen to 
a substance, and reduction means withdrawal of oxygen from 
compounds containing' it The two terms are opposed but 
related: the oxidation of one substance bften implies the 
reduction of apother, as when carbon monoxide reduces fiupric 
oxide and itself becomes carbon dioxide. 

Substances which readily part with oxygen are called Oxidis¬ 
ing agents or Oxidisers : such are oxygen, ozone, hydrogen 
peroxide, nitric acid, potassium chlorate, 4 ^c. On the other hand, 
substances which readily abstract oxygen are called Reducing 
agents or Reducers', such are hydrogen, carbon, carbon 
monoxide, coal-gas, sulphurous acid, &c. 

Note. —Formerly, oridation was used almost in the same 
sense as combustion. But npw the words oxidation and redaction 
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art used in extended senses to include also changes in which 
elements simitar to oxygen are added to or removed from 
substances.. Thus, ores of metals are said to be 'reduced* when 
oxygen, ^Ipbur, &c. are removed from the ores. So, chlorine is 
said to ‘oxidize’ sulphuretted hydrogen when they interact to form 
hydrogen chknride and sulphur. 

Oiiidiiing* and fi^ncdnsr Blowpipe Flamea-^The 

heating power of a flame is increased by blowing' into ft a 
current of air by means of a mouth blowpipe. To use the 
blowpipe with a Bunsen flame we close the holes cX the burner 

t 

and blow into the flame by means of the blowpipe, holding its 
nozzle or jet just at the edge of the flame. The flame is thus 
diverted an^ lias (like the candle flame) two characteristic 
parts: (/) the inner part, which contains unbumt carbon and 
is yellow and luminous; (ri) the outer part, which has a free 
supply of air and is blue and non-luminous. 

(1) When we direct a blowpipe flame over a metallic oxide 
^0 as to completely cover the oxide with the inner flame, the 
oxide is A eafed in presence of carhon without access of air \ 
oxide is thus reduced to the metallic state. The inner part 
of a blowpipe flame is accordingly called the reducing flame. 

(2) On the other hand, when a suitable metal («. lead 
or antimony) is held in the outer flame, the metal is heated in 
an excess of air : the metal is thus oxidized. The outer part 
of the blowpipe flame is therefore called the oxidizing flame. 

Note.—T he reducing flame is more prominent when we hold 
the ni^zle of the blowpipe just outside the flame and blow gently ; 
and the oxidizing flame is better produced when we blow harder ' 
by placing the nozzle of the blowpipe inside the flame. 

I ' ■ .1 

.UnivBnity Examination Qnestions. 

I. What is Combustion ? [C. 97 ; A. 03]. Define the terms 
duming &xkd cosndustion {C. ot]. * 

Z. Describe any experiment in which oxygen bums and hy&o« 
gen is a supporter of combustion [A. 03]. 

3, Describe the Davy Lamp. . Is it always a safety lamp? 
Giya reasons for your answer [A. 07.}. Explain why the miW'a 
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safety tamp can be carried safely in an explosive mii^are of fire* 
damp and air [C. 07} 

4. Explain the oatare and composition of a dame.- Discuss 
carediHy upmi what the luminosity of a flame depends (A. 04,16]. 
What is a flange ? Explain fully the structure of a candle flame, 
describing simple experiments in support ctf your explanation. Is 
thUte any fdhji^enee' betwctm a candle flahie and that of a Bcmsen 
burner r If ee^ explain the nature and cause of the difference 

[a 1912, tpiflj. 

Give a full description (with diagrams) of a Bunsen burner, 
and explain how its mechanism influences the structure of the 
flame produced [C. 1910]. 

5. Explain the terms oxidation and reduction [C. 96, 1915 ; 
A. 96I. Describe experiments ^ich you have done, illustrating 
oxidation and reduction [C. 09, 1913}. 

What is meant by the terms 'cmnbustion’ and ‘oxidation’ ? 
Describe experiments to show the difference between the above 
two phenomena. [C. 1915]- 

Define the terms oxidizing agent and reducing agent. Classify^ 
the following substances as oxidizing or reducing agents, giving 
reasons in earh case : {a) Hydrogen peroxide, {bi Nitric acid, (c) 
Sulphur dioxide, {d) Ferrous sulphate, and {e) Chlorine [A. 15110]. 

What' is a' reducing agent} Describe an experiment to illustrate 
Its action [A. 9 ^]’ Mention various reducing agents [C. 96]. 


CHAPTER Vn. 

CHBUICAL EQUIVALENTS. 

Equivalent or Oombiningf Weight.— When we study 
the composition of different compounds we notice that chemi¬ 
cal action takes place between elements in fixed proportions of 
their weights. For example, it is found by repeated experi¬ 
ments that i put of hydrogen combines with 8 parts of oxygen 
(to produce water), and with 35*5 parts of chlorine (to foria 
hydroclrioric acid); 8 parts of oxygen unite with 3i'8 parts of 
copper (to form cupric oxide), and 35*5 parts of chlorine uhite 
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with 23 parti of sodium (to form sodium clUonde)^. iA|[9in i» 
parts of magnesium displace i part of hfdrogen (from 
chloric acid), and 3*‘S parts of zinc displace 31*8 parts of 
copper (from copper sulphate). These proportions of different 
elements, uniting with or displacing a constant amount of a third 
element (viz., i pah of hydrogen, or 8 parts of oxygen, or 35*5 
parts of chlorine), are said to be equivalent to one another. 

It Is found that hydrogen combine's in smisdier pn^ortions 
by weight than any other element, U. hydrogen has the smallest 
equivalent weight. So, for the sake of convenience, we take a 
unit mass of hydrogen as the standard for fixing the equlva* 
ients of other elements. The Equivalent or Combining 
Weight of an element is therefore defined as the smallest 
weight of the element which combines with or displaces unit 
quantity of hydrogen. 

,' Determination of EqniTalents.—The methods of 
determining equivalents vary according to the nature of the 
element. Generally, we'^may either analyse or synthetically 
produce a compound of the element with hydrogen, and thus 
ascertain what amount of the element combines with one part 
of hydrogen. But there are many elements which neither 
combine with hydrogen nor displace it from an acid; so their 
equivalents are found by ascertaining the quantities which 
combine with or displace the known equivalent of some other 
element, as oxygen or chlorine. Some typical examples are 
given dfelow. 

Equivalent of Oxygen.—By carefully studying the 
composition of water it has been found that lOO parts of water 
contain nearly 88'9> parts of oxygen and ti ’i parts of hydrogen. 

11*1 parts of hydrogen oorobine with 88*9 parts of oxygen. 

88*9 

.*. 1 part „ ,, combines „ *» »» *• 

d 8*0 

Hence, the equivalent of oxygen is —r^—.S nearly. 

Equivalent of Ghlorine:<—It has been determined 
from the composition of hydrochloric acid gas that it coutiuns 
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nearly i part of hydrogen and 35*5 parts of chlorine. There- 
'" fore the equivalent of chlorine is 35’5. 

* I 

Equivalent of Magnesium: (1) From the ComfKmitkm 
of its Oxide.—’Weigh a small porcelain crucible with its lid. 
Put in it about a gram of clean magnesium turnings, and 
weigh again. Heat the magnesium in the crucible (Fig. a), 
often raising the lid to admit air. When the magnesium has 
been entirely converted into its oxide, allow the crucible to 
cool; then reweigh the crucible with its contents. 

Calculate the results thus— 

Second weighing...20'88 gramaaweight of crucible-f-magDeaiurn 
First „ .. .20’I3 „ «■ „ „ crucible 

Difierenoe ... 0*75 gram s „ „ magnesium 

Third weighing ...21*38 gramsa weight of crucible+niagnes. oxide 

Second ,, ... 20*88 ,, h „ ,, oruoible-{-magneaiuro 

Difference ... 0*50 gram s ,, „ oxygen combining , 

with 0 75 grm. of magnesium. 

If 0*5 gram of oxygen unites with 0 76 gram of magnesium 
1 I, ,, ,, ,, «, 1*50 grams,, ,, 

.*. 8 grams,, ,, unite „ 12 „ „ „ 

But 8 „ „ „ „ „ 1 grim of hydrogen 

Hence, the equivalent of magnesium is i a. 


(2) From the Amount of Hydrogen it displaoes —Place a weighed 
quantity (say, o*6 gram) of clean magnesium turnings in a 
bottle and pour water over them (Fig. 13). Then add sufficient 
hydroohlortc acid, and carefully collect all the hydrogen 
evolved (say, it is 550 cubic centimetres). 

We know 1 litre (=^1000 0.0.) of hydrogen weighs nearly 0*09 gram 


. . 550 c. 0. ,, 
« 


.' 560 x 0*09 

1(KX> ~ 
99 


"2000 


Now, 
• « 


99 

2000 

1 


gram of hydrogen is displaced by 0*6 gram of magnesium 

>1 fi #* •* ti It ® »i »> »* 


whereie 


•6X-2000 

99 


12*12 grams nearly. 


Hence, the equivalent of magnesium is 13*12 nearly. 
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Equivalent of Copper.— This may be determined by 
reducing cupric oxide by means of hydrogen or coal>gas : 

Weigh a small porcelain boat; put in it a gram of black 
copper oxide, and weigh again. Place the boat with the oxide 
in a hard glass tube, and pass hydrogen or coal>gas through 
the tube JFig. ss). When all the air in the apparatus has 
been driven out, heat the oxide to redness, whilst still paning 
the gas. The gas will reduce the oxide to metallic copper. 
When,the boat has cooled, take it out and weigh again. 

Calculate the results as follows— 

Second weighing.18 gr.aiweight of boat+caprio oxide 

First • „ . 15 „ g weight of boat 

Qifferenoe ... 1 mr. gweight of cupric oxide. 

Third weighing ... 15'8 gr.aweight of boat+oopper 

First „ ... 1 5'0 „ —weight of boat 

Difference ... weight of copper. 

• Hence, in 1 gr. of cupric oxide there is *8 gr. of copper. 

That is, {1—• 8)=»*2 gr. of oxygen oombines with *8 gr. of copper. 

8 X ‘8 

8 gr. of oxygen combine wi^ - ■ «»32 gr. of copper. 

That is, the equivalent of copper is js. 

More exact determinations give us the value 31*8. 

Equivalent of Zinc.—This may be determined by 
converting zinc into its oxide by means of nitric acid : 

Weigh a porcelain crucible with its lid. Put in it about a 
gram of clean pieces of zinc foil, and weigh again. Add to it 
strong nitric acid drop by drop, till all the zinc is dissolved. 
Carefully evaporate the residue (zinc nitrate and water) to dry¬ 
ness, and then heat it strongly (so as to convert the nitrate into 
zinc oxide). When the crucible has cooled, weigh it with its 
contents, 

Calculate the results as follows— 

Second weighing ... 28*27 graiuBsweight of orucible+zino 
First „ ... 25*48 „ «■ „ „ oruoible 

Piflbrenoe... OjSl^am w „ „ zinc 

Third weighing ... 28*47 gramswweight of cmoible+zinc oxide 
Second . 28*27 „ » ' » oruoible+zino 
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IHfferenoe,.. 0'$SO gmra aa h oxygen tha^.«oiBbinQS with 

O'Sl gram of zinc. 

Heooe, the weight of xinh oniting with 8 grams of oxygen is 

•81x8 . 

—ai32'4 grams. 

That is, the equivident of zine is 31*4 nearly. 

Tkt equi^lentB of copper, tin, lead, etc, may ie found by 
this method, ^ 

Equivalent of Sodium. —This may be found by 
ascertaining what weight of sodium combines with the equiva¬ 
lent weight of chlorine: 

Weigh a porcelain dish. Put in it a little quantity of clean 
sodium cut up into small pieces, and quickly weigh again. Re¬ 
move the sodium, pour some water in the dish, and gi%dual!y 
add the pieces of sodium. When all the sodium has dissolved, 
add enough hydrochloric, acid. Evaporate the resulting pro¬ 
duct (sodium chloride and water) to dryness, and reweigh the 
dish with its contents (sodium chloride). 

The results may be thus calculated— 

Second weighing...20*58 grains^ weight of dish-f-sodium 
First ,, ...20*37 „ a „ „ dish 

Difference..^0j2^ gram <■ „ „ sodium 

3rd weighing...20*904 gramas weight of dish+sodin'm chloride 
2nd „ ... 20*580 „ aweight of dish-f-sodiniu 

Difference... 0*324 gram s ,, ,, chlorine which unites with 

0*21 gram of sodium. 

Hence, the weight of sodium combining with 8.5 *5 grams of chlorine 

. S5'5x0*2l „„ , a 

18 ——.*2.3 grams nearly. 

J 

That is, the equivalent of sodium is 23 neariy. 

University Examination Questions. 

1. Explain what you understand by the comhininf[ weiyht of an 
element. Illustrate by examples. [C, 95, 99]. Explain what is 
meant by equivalent weight [C. 04 ; A. 03, 09, 1910]. 

2. How should you determine any equivalent weight ? [A. 06]. 
Give details (^.auy experiment ypo have made or seen fqr the ap¬ 
proximate determination of the equivalent of an element [A. 1910], 
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3. HoW'Sn^ tbji equivalent weights.of sodi su]M^arices as (1) 
oxygen and (a) copper ^ d^eraiined ? [A. 09). 

Find the equivalent weighty of oxygen and copper from the data 
given below :7>-l>ry hydrogen is passed over I'^S grains of heatdd 
copper ojcidet the water formed weighs 0*36 grm., the weight Of 
copper left after the experiment is 1^6 grms. {A. oal. 

4. K 465 CCS. of hydrogen at NTP are trained by the action- 
of *5 grams of magnesttim on excess of hydrochloric acid, what is 
the equivalent of magnesium ? [A. 03]. 

.164 mUKgcnms of a metal dissolved in hydroOhioric acid evolve 
31 c.c, of hydrogen atN. T. P. ; calculate the equivalent weight of 
the metal [C. oj]. 

01 gram, of a metal gave on treatment with a dilute mineral 
acid 34 2 c.c. of Hydrogen pleasured at N.T.P. Calculate the e<}oi- 
valent weight of the metal. [C. I 9 i 5 l' 

5. Describe bow you would proceed to determine the equiva¬ 
lent of zinc. [C. 09]. '» 

6. Describe an experiment to determine the equivalent of tin 
*by its conversion into oxide by means of nitric acid [C. 04]. 


CHAPTER VIII. 

LAWS OP COMBINATION: ATOMIC THEORY AND 

AVOGADRO’S HYPOTHESIS. 

j^aws of Chemical Combination.— The Laws of Com¬ 
bination are generalized statements of the invariable relations 
between the proportions in which elements are observed to 
participate in chemical changes. The following are the four* 
laws, of which the first three refer to the weigh/s of substances, 
while the fourth relates to the volumes 0/ gases only: 

. /. Um- of Definite or Constant Proportions.— The 
same expound is always composed 0/ the same elements united 
itygeihtr in the same proportion.^, In other words, “chemi¬ 
cal combination always takes place between definite masses of 
substances,” For exainple, water is a compound of the ele> 
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ments hydrogen and oxygen : frbm whatever source we may 
obtain it whether as rain, ori from river or spring and by 
whatever method we may prepare it artificially, water will 
always be found to consist of i part by weight of hydrogen and 
8 parts by weight of oxygen. If we try to combine, say 4 parts 
of hydrogen with 8 parts oxygen, combination will take 
place between the elements in the required proportion, and 3 
parts by weight of hydrogen will be left unaltered. 

//. Law of Multiple Proportions .— WAm ike tumt Uao 

tlements form more than one compound, the di^erent quan~ 
titles of one element which combine with a fixed quantity of the 
■other, bear a simple multiple relation. Thus hydrogen and 
oxygen combine in two different proportions giving rise to the 
two compounds Water and Hydrogen peroxide: in water 
there are nearly i part of hydrogen and 8 parts of oxygen; 
while the latter contains i part of hydrogen and 16 parts of 
oxygen. The quantities of oxygen which unite in these cases 
with the same weight of hydrogen, bear to each other the ratio 
of 8 : 16, that is 1:2. . 

The two elements oxygen and nitrogen combine in five 
different proportions forming as many different compounds, 
the names and approximate compositions of which are these : 
(!) Nitrogen monoxide—28 parte of nitrogen and 16 parte of oxygen 

(2) Nitrogen dioxide** ,, ,, ,, „ 32 ,, ,, 

(3) Nitrogen trioxide— ,, „ „ ,, „ 48 ,, ,, „ 

(4) Nitrogen peroxide— „ „ „ „ ,, 64 „ „ 

(5) Nitrogenpontoxide—,, ,, „ „ ,, ’80 ». v>» 

Here the weights of oxygtm combining with the same 

weight of nitrogen are in simple multiple ratios, vis., 16 : 32 : 
48: 64 : 80, I. e., i : 2 : 3 : 4 : 5. 

ill. Law of Reoiproeal or Equivalent Proportions.-— 

The quantities of diferent elements which sepdratelp combine 
with a constant quantity of a third element, are either the same 
as or are simple multiples of' the quantities of these different 
elements when they combine amongst themselves. For example 
nearly 35*5 parts of chlorine and 127 parts of iodine separate- 
ly combine with t part of hydrogen (forming respectivdy 
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hydroji^loric add and bydriodic add) : 35*5 pahs of chlo¬ 
rine and 137 parts of iodine also unite "With each other (forth- 
ing iodine monochloride). 

Again, b(^ carbon and sulphur combine with oxygen, 
forming compounds of the fbllbwing compositions— 

Carbon dioxido — nearly 32 parts of oxygen and 12 parts of oarbon 

Snlphnr dioxide— „ „ ,, „ „ „ 32 „ „ „ 

But cirbbn and sulphur oombine with each other (forming 
carbon disulphide) in the proportion of is parts carbon to '64 
pans sulphur. Hence, the proportion by weight (ts: 3s) hn 
which carbon and sulphur separately combine with the same 
weight of Oxygen, is a simple multiple (i.e„ double) of the.pro- 
portion (13 : 64} in which they combine with each other. 

IV. Gay-Lussac's Law of Gaseous Volumes.—TAe 

volumts in which gasei eombiee beer a simple relation to one 
another, and to the volume of the gas produced. For example, 
3 volumes of hydrogen combine with i volume of oxygen 
and form 3 volumes of steam. Similarly, i volume of hydro¬ 
gen combining with i volume of chlorine produces 3 volumes 
of hydrochloric acid gas. Again, by decomposing 2 volumes 
of ammonia we get i volume of nitrogen and 3 volumes of 
hydrogen. 

Dalton’s Atomic Theory.-To explain the Laws of 
Chemical Combination, the great scientist Dalton made certain 
hypotheses or assumptions which are now embodied in what 
IS called the Atomic Theory. The theory may be stated 
thus :—(/) All things are made up of minute indivisible parti¬ 
cles, called Atoms; (s) the atoms of the same eletpent art ali 
alike in weight and other properties, but differ from the atoms 
of every other element; (j) atoms of different elements attract 
one another, and ehemicah combination consists in the juxta¬ 
position or union of the atoms. 

The Atomic Theory satisfactorily explains the Laws of Defi¬ 
nite and Multiple Proportions on which however the theory 
was originally based. The Law of Equivalent Proportions 
follows from these two primary laws. 
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SLxplanation of the Law of Definite PrQpo?** 
tipna. —Let US consider the case o( a compound of hydrogen 
and chlorine. According to the Atomic Theory.. combin^ion 
takes place between the atoms of these elements, and the 
weight of an atom of each element is fixed. Suppose, one 
atom of li/drogen combines with one atom of chloripe: 
then the resulting compound will contain equal' numbers 
of hydrc^en atoms and of chlorine atoms; and die ratio 
between the total weights of these atoms will be the same as 
the ratio between the weights of the single atoms. That is 
to say, the compound will alwaya have a definite composition. 

Explanation of the Law of Multiple Propor¬ 
tions. —Let us take the case of carbon and oxygen, which 
form two different compounds. Suppose, the first compound 
contains the elements in the > proportion of i atom of carbon 
to I atom of oxygen. Now, if the second compound contains 
more ot oxygen, there must be at least x atom more of it 
(because, according to the Atomic Theory', there cannot be 
a fraction of an atom) combined with every i atom of carbon. 
Tha('is to say, every particle of this compound will contain 
I carbon atom and 2 oxygen atoms. Hence, in the second 
compound the amount of oxygen will be double of that con> 
tained in the first. 

Atoms ftnd Holsculss. —Chemists suppose, following 
Dalton, that every element consists of extremely small indivi¬ 
sible particles which they call Atoms. The atoms of the sa^e 
element are exactly alike in their properties, but atoms of 
different elements, have different, properties. Atoms'seldom 
exist singly, but two or more of them forna a small cluster 
called a Molecule ("va small mass). A molecule of an 
element consists of similar; atoms, while a molecule of a. 
compound is composed of different kinds of atoms. It 
fqllows therefore that the weight 0/ a molecule it the sum-dotal 
of the weights of the constituent atoms. 

The. difference between an atom and a molecule will be 
clear from an illustration. Suppose we go on dividing and sub* 



dividing a drc^ of, water (wbic^, . we kooW) ia a 9 « 4 « up catj- 
gen and bydrpgeo,^ We may carry on -tibe pi!Qceci of diwhipn 
to tbe utmost limit^ until we have a particle.of water sOi small 
that on further diviwon it ceases to be water and bseaM; vp 
inta^o atomii of hydrogen and .one atom of oaygea. This 
smallest {utiUcle which can exist as waJsr is its molecule.. . 

An Atom is Aefinsd as tkt smalUst portion ^ an oUpuni 
that can take Pfsrt in a chemical c^ngt% Le., m the, farmatiain 
of a chemicah compound, A Molecule is the smallestportum' 
of an element or of a compouni that can he supposed ffi have 
separate exittence, 

Avog^^dro’s Law*—'I'o account for Gay-Lusaaefs Law of 
combination of gases by volume, Avpgadro suggested that 
at the same temperature and pressure, equal volumes of all 
gases contain equal number of molecules. The hypothesis 
means that when at some fixed temperature and pressure the 
same vessel is successively filled with different gaaes (whether 
elementary or compound or mixtures like air), tbe vessel will 
contain an equal number of molecules in all cases. In i^er 
words, the molecules of all gases have equal volumes or 
occupy tbe same space. 

, Conclusions from Avogadro’s Law.—Avogadro’s 
Law explains how different gases are equally affected in volume 
for alterations of pressure and temperature (Laws of Boyle 
and Charles). The hypothesis also leads to the following 
important conclusions :— 

If Of the Constitution of Hydrogen Molecule..—It is found by 

* 0 . 

experiment that when i volume of hydrogen unites with 
I volume of chlorine, t volumes of hydrogen chloride are 

t 

produced. Supposing there are m number of molecules In 
1 volume of hydrogen, it follows from Avogadro's Law that 
there are tm number of molecules iii a volumes of hydroged 
Chloride. Now, as each molecule of hydrogen chloride 
must contain id least i atom Cf hydrogen, im molecules of 
hydroj^ti chloride will Contain im atOms of hydrogen, and 
these wera contained in m number of hydrogen motechha. 
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TlMsref<^, *ack moUcuU ^ kjfdr»gtu is mAdt up 9/ iwoutomt. 
;;It foUows by th« same reasoaiag that a molecoie of chlodae 
ctmtains two atoms]. Heace, if the weight of aa atom of 
hydrogmi is taken as t, the weight of a molecale of It is >. ■ 

2. Of ^ retative Weights of Gaaaoin Meleeuies.—'As equal 
volumes of gases contain the same number of mbtecules. the 
weights of equal volumes of gases (and so their densities) must 
be proportional to the weights of their respective molecules. 
Now, as the density of a gas is referred to hydrogen as unit, 
we have the proportion— 

Density of any gas : molecular weight of the gas 
:^Density of hydrogen : molecular weight of hydrogen=f : s. 

Hence, the molecular weight of a gas is double of Us density, 

Knowing therefore the density of a gas (pp. t8,19), we can 
find its molecular weight by doubling the number expressing the 
density. A knowledge of molecular weights thus arrived at 
from Avogadro's Law, is of great help to us in determining 
Atomic Weights. [See next chapter], 

3 . Of the Volumes of Gaseous Molecules.— We do not know what 
volume is occupied by an atom or a molecule. For the sake 
of convenience, chemists speak of an atom of hydrogen as 
occupying 1 volume; a mo>Iecule of hydrogen would thus 
occupy t volumes. But, according to Avogadro's Law, the 
molecular volume of hydrogen is the same as that of any 
other gas. Hence, a molecule of any gas occupies 2 volumes. 

4 . Of the Combination of Gases .by Volume. —Avogadro's JLaw 
states that the molecule of all gases have equal volumes. It 
follows therefore that tbs volumes of gases taking part in 
(and resulting from) chemical changes, are proportional to the 
numbers of the respective molecules of the gases. This 
conclusion is important in two respects— 

(a) It tells us the comparative volumes, of the gases when 
die molecular equation is known. For example, if we know 
that s molecules of hydrogen unite with t molecule of 
oaygen to produce 2 molecules of st^m, it becomes evident 
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that the respective volumes of the three gases are also in the 
same ratio. Gay>Lussac's Law is thus explained bjr Avogadro's 
hypothesis. [See Calculation of Volumes, Chap. XU]. 

(^) It enables us to fix the molecular formula of a gaseous 
compound when we know its volumetric composition and 
density. [See, under Composition of Ammonia, Oxides of 
Nitrogen and of Carlson, &c]. 

Unlveri^ty Examlnalion Questicms- 

It State and explain with illustrations the laws of chemical 
combination [C» 94, 1911 ; A. 05]* 

2. Explain the laws of chemical combination in definite and 
multiple proportions* Give examples [C« 91^ 09 ; A* 14}. Cheufical 
combination always takes place between definite masses of matter. 
Explain what you understand by this statement and illustrate your 
reply by examples [C. 93]. State and explain the law of multiple 
proportions, and illustrate it by at least three examples [A* 07] 

3* Stale any laws relating to the combination of gases by 
• volume [A. 03]. 

Define the law of gaseous volumes, and illustrate it by experi¬ 
ments. What hypothesis wns propounded to account for the facts 
underlying the law ? [C. 1915]. 

Nitrogen, oxygen and chlorine all combine with hydrogen, but 
their proportions by volume in which they combine with that 
element are 3 : 1, 2 : i and 1 : i. Explain the theory which this 
fact has given rise to [A. 02]. 

4. What is the Atomic Theory? State the consideration 
which lea to its enunciation as an hypothesis [C. 96]. Give a 
shortgaccoufit of Dalton’s Atomic Theory and state bow it explains 
the two primary laws of chemical combination [C. 92]. Wbat rela¬ 
tion do the laws of chemical combination bear to the atomic theory ? 
[C. I9ii]* 

5* Define the terms atom and molecule [C. 01]. What is the 
diflference between an atom and a molecule {A. 93]. 

6. What is Avogadro’s Law ? [C. 98, 02 ; A# 93, 08} State 
Avogadro’s Hypothesis, and show the important bearing that this 
hypothesis has upon the science of Chemistry [C. 1910 ; A. 04}. 
Explain Avogadro’s Law, and indicate how it has helped in the 
development of the Atomic Theory [C. 1914]. 
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Wbat is the diflfetetici l>etweea a molecole ati 4 an atonii of 
hydrogen |C. 98.] A' mhleciale ofibydrogeh is said to consist of 
two atoms. Give reasons for the truth or otherwise' bf 'the 
statement [A. 02.] ... 

State Av<^i(adro’s hypothesis, and prove with its aid'that the 
molecules of hydrogen and oxygen roust contain at least tem 
atoms. [A. 1912]. 

Explain clearly how Avogadro’s Law helps u$ to determine 
molecular weights [A. 08]. Explain the relationshi|l between the 
molecular weight and the relative density of a gas [C. 01]. 

Enunciate .Avogadro’s Law,, and explain its importance in 
determining the atomic weights of elements, illustrating .your 
answer by examples [C. 1916]. 


CHAPTER IX. 

ATOMIC AND MOLECULAR WBIGHTd, 

Atomic Weight and Molecular Weight.— These 

words literally mean respectively the weight of an atom and 
of a molecule of any substance. But as no atom or Aiolecule 
•can be seen (even with the aid of the most powerful microsco'pe) 
and weighed, we cannot determine the abtoJute weight of any 
single atom or molecule. We can only determine the relative 
weight, by ascertaining how many times an atom or a molecule 
qi a substance is heavier than an atom of a standard subs^mce. 
Hydrogen being the lightest substance the weight of an atom 
of ft is represented as 1, and the weights of attorns and mole¬ 
cules of other substances are expressed in terms of this unit.- 

The Atomic Weight of an element it the number which ex- 

% 

presus how many iimes is its smallest portion that can take part 
in a chemical change heavier than such smallest portion of kjfiro~ 
£tn^ The Molecular Weight of a tubeianee is the weight of its 
smaUett particle capable ef mparsste existence^ at comparei with 
the weight of an atone of hydrogen {represented eit unify)^ 
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For euniide, wbea we fay that ^.atomic weight oxygen 
is i6, we mean that the atom of oi^gea ia t$ thnes hMvier 
than the hydrogen atom. Similarlyi when we My the moJeculac 
weight of oxygen is 3s, and of water 18, we mean that a 
molecule of oxygen is 32 times heavier than an atom of 
hydrogen, and tiiat a molecule of water is t8 timet as heavy 
as the hydrogen atom. It is clear that a compound has 
molecular weight only, while an element can have both 
atomic and molecular weights. 

Determination of Atomic Weight.»Tbere is no 
general rule for finding the atomic weight of an element. 
Chemists &scertun the approximate atomic weight lof^an 
element by one or more of various methods, the chief con¬ 
siderations being its chemical equivalent, vapour densities Of 
its compounds, and its speciRc heat. [For another method, 
based on isomorphism, see p. 42]. 

1. Purely Chemical Itethod. —In this method the chemical 
equivalent of an element is chiefly taken into account. Sup¬ 
pose we are to find the atomic weight of oxygen. The pro¬ 
portion by weight in which oxygen unites with hydrogen 
to form water is 8: 1. Now, it has been ascertained by careful 
experiments that when water is acted upon by sodium, all the 
oxygen contained in the water at once unites with sodium, 
while the hydrogen is evolved in equal quantities in two 
stages. It follows therefore that to every atom of oxygen there 
are fSto atoms of hydrogen; and as their relative proportions 
by weight are nearly 8:1, the atomic weight of oxygen is 16. 

2 . Metbod based on V^ur Densities of Compounds. —The atomic 
weight of an element is ascertained by studying the com¬ 
position of Us gaseous or volatile compounds with reference 
to their molecular weights (which we know by Avc^dro's 
Law to be doul^e of their vapour dmisHie^. The least 
quantity of the element present in a molecular amount of the 
various compounds, is the atopiic weight of the element. For 

5 
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the atomie Kretgiit of oxygen m^y be delermtned 
from experimental resulta tabulated thus— 


1 

t • 
•S’ 

Weights of Couatituents in a molecular 

amount. 







• 

m 


Compound. 

i. ■ ^ 

a 

8 I 
"o 

S 

Hydrogen. 

Nitrogen. 

a 

£ 

hi 

6 

0 • 

% 

OQ ’ 

i 

0 

u 

0 

f 

JQ 

• fu 

• 

d 

Of 

ss 

M 

0 

« * 

1 

i »» 

2 

9 * * 

*•« 

• m % 

• 9 • 

16 

Nitrous oxide 

44 

f« • 

28 

• • • 


• • • 

16 

Carbon dioxide 

44 

a • 

1 ■ • « 

12 

i 

• 9 « 

32 

Bulphur dioxide 

64 

• • • 

m • % 


32 

» • • 

32 

Fhoaphoric anhydride 

284 

• 94 

d • • 

• • % 

» • * 

124 

160 


In these molecules of five compounds the weights of oxygen^ 
as compared with the weight of i atom of hydrogen, are^ 
i6, 16, 32, 32, 160. The lowest number of the series by 
which all the numbers are exactly divisible is 16. Hence, 
the atomic weight of oxygen is 16. 

« 

Note. —The constitution oT molecules of elements becomes 
evident on comparingthe atomic with the molecular weights ; 

(a) The molecular weights of sodiucot potassium, zinc, and 
mercury are efual to their atomic weights. The molecules of 
these elements consist of only 1 atom. 

,. (^) The molecular weights of hydrogen, oxygen, nit(«ogen, 
sulphur, and the halogens are double of their atomic weights. 
Their molecules consist of 2 atoms. 

\c) The molecular weight of phosphorus b four times its 
atomic weight. Its molecule consists of 4 atoms. 

3. method b»ed on Specific Heats of Solids.—It is found 
that equal weights of different substances require different 
amounts of heat to be raised through the same range of 
temperature. This is expressed by saying that different 
substances have different thermol eapociiits or specific heats. 
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Por ejc^pk, .tbe amount ol heat required td ra!se a certain 
quantity of water fr o m~o* to too° ia iieai 4 y 30 times as- much 
as that required to heat the same quantity of mercury or 
pdadnum. to. the same extent. As water has the Neatest 
thermal capacity, the amount of heat required to raise 1 gram 
of water from 0° to i°C is h&en as the standard for com> 

* '4 

paring the speciac heats of other substances. The specific 
heat of a substance is therefore never gmter than 1; and is 
defined as the ratio between the amount.of heat requited to 
raise a unit mass of the substance through i°and that reqmred 
to raise the same mass of water through - 

I 

- Dulong and Petit’s Law .—From observations of the specific 
heats of different solids, Dulong and Petit discovered the law 
that the specific heats cA ^olid elements are inversely pro* 
portional to their atomic weights. In other words, the 
capacities for heat of the atoms of elements in the soUd. state 
are equal. This law is found to be true in most cases: the 
product of the specific heat and the atomic weight of a solid 

I 

element, is nearly equal to the constant number 6’4. Thus— 


Element. 

Specific heat. 


Atomic weight. 

Zinc 

•093 

X 

\ 

= 6^1 

Iron 

‘iia 

X 

56 

= 63 

Mercury 

'oja 

X 

aoo 

s; 6 4 

Potassium 

m66 

X 

39 

s: 6‘S 

Sodium 

*29 

X 

»3 

« 67 


Roughly speaking, specific heat x atomic weights:6'4. 
Hence Dulong and Petit’s Law is applied with advantage inr 


determining or verifying the atomic weights of elements. Sup* 
pose, the specific heat of a solid element as determined experi- 

6 a 

mentally is S, its atomic yteigbt is then ^^approximately 


Table of Atomic Weights. —The following is a list' of 
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the more important and common elements (with their symbols) 
arranged in order of their approximate atomic amights 


Elements. 

4 

1 

ft 

I. 

CO 


f 

Elcmentft. 

1 

1 

0 i 

II 

( 

Hydrogen 

* • « 

H 

1 

Iron 

ft ft • 

Fe '' 

56 

hithium 

ft • • 

U 

7 

Nickel 


Ni 

58*6 

Boron 

• e • 

B 

11 

Copper 

ftftft 

Cn 

63*6 

Carbon 

* • • 

0 

12 

Zino 


Zn 


Nitrogen 

• «« 

N 

14 

Arsenic 

ft ftft 

As 

75 

Oxygen 

• • • 

0 

16 

Bromine 

• •ft 

Br 

60 

Fluorine 


F 

19 

Strontii^m 

ft ftft 

Sr 

87*8 

Sodium 

ft* « 

Na 

23 

Silver 

ftftft 

Ag 

108 

Hagneeium 

• e % 

Mg 

2«*2 

Tin 

4 ft ft 

Sn 

119 

Aluminium 

ftftft 

M 

27 

Antimony 

ftftft 

8b 

120 

Silicon 

* • • 

Si 

28*3 

Iodine 

ftftft 

I 

127 

Phosphorui 

• •ft 

P 

31 

Barium 

• ft ft 

Ba 

137*4 

Sulphur 

ft ft« 

6 

32 

Platinum 

• •ft 

pt 

195 

Chlorine 

ft ■ • 

Cl 

35*6 

Gold 


Au 

197 

Pota»fiium 

> 

... 

K 

39 

Mercury 

ftftft 

Hg 


Calcium 

1 

* • ft 

Cs 

40 

Lead 

ftftft 

Ph 

207 

Manganese 

ft •• 

Mn 

55 

Bismuth 

••• 

Bi 

jj^iglllll 


University Examination Questions. - 

1. Define the terms atomic weight and molecular weight 
[C. oi ; A. lo]. What is the difference between the atomic weight 
and the molecular weight of an element ? [A. 93]. 

2. Mention and explain shortly any two of the methods that 
may be employed to find out Atomic Weights [A. o8j. 

3. How would you determine the relative weights of a mole* 
cule of hydrogen, and one of chlorine, pointing out clearly all the 
steps in the process ? Also mention what assumptions are made. 
(A. 943 - 

4. State the relative weights of the molecules of oxygen, 
phosphorus, hydrogen, and ammonia (C. 02]. 

5. What connection exists between the specific beats 
elements in the solid state and their atomic weights ? [A. 05, 10,12]. 

6. Give a very brief outline of any method for the determina* 
tion of the atomic weight of an element. A metallic oxide was 
found to ctmtmn 47*06 per cent, of oxygen. What is the exact 
atomic weight of the metal and what is the formula of the oxide ? 
The specific heat of the metal mo‘t2§, and the atomic weight of 
oxygen • 16. [A. 1914]. 










CHAPTER X, 

< 

SYMBOLS AND FORMULii:. 

r 

Symbol!- —A symbol is an abbreviation for the foil name 
of an element, and represents one atom of the element. Thus, 
H means an atom of Hydrogfen, S stands for an atom ot 
Sulphur. Generally the symbol of an element is the Initial 
letter of Its Englf^ or Latin name. But when tbe -names of 
two or more elements begin with the same letter, the symbol 
of a particular element is composed of the initial letter and 
another prominent letter; thus, B being the symbol boron, 
Ba is the symbol of barium, Bi of bismuth, Br of bromine, 
and so on. 

As the molecule of an element generally consists of a 
number of atoms, it is expressed by placing the particular 
numeral after the symbol of the atom. Thus, means a 
molecule of hydrogen consisting of two atoms, P4 denotes a 
molecule of phosphorus composed of four atoms, and so forth. 
The molecule of an element thus expressed, symbolically is 
often called the Formula of the element 
' Formnlm. —A formula is the symbolic representation of 
' a molecule of a compound substance. It is constructed by 
grouping together the symbols of the constituent elements, 
the proportions of the elements being expressed by attaching 
numerals to the symbols. Thus the formula of a molecule 
of water (which consists of two atoms of hydrogen and one 
atom of oxygen) is H, 0 . Similarly, NaCl is the formula of 
common salt (consisting of one. atom of sodium and one atom 
of chlorine); sulphuric acid is composed of two atoms of 
hydrogen, one atom pf sulphur, and four atoms of oxygen,'and 
is therefore expressed by the* formula H2SO4. In order 
to express two or more molecules of a substance we place 
numerals before the formula; as; aH^O, sH^O, &c. 

A formula thus expresses die exact composition of a subs* 
tance. It shows us (i) qualUativtiy^ what elements unite to 
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form a particular compound,.ai^d, (2) how manjr 

atoms of each of the,etementaare’ preshn^ in every molecule 
of the compound. 

P6FCentll£:e Composition.— By this is mean^ the number 
of parts (or proportions by weight) of each of the elements 
present in 100 parts of a conipound. The percentage 
composition of a compound is ascertained by analysing It. 

OetermLnatHM of Formuls from Peroeotago Composition.—Knowing 
the percentage composition of a compound we can ascertain 
its formula. The rule is this :— Divide ike percentage of each 
clement hy its atomic weight and then divide these quotients by 

t 

the lawat of them. By so doing we ascertain the proportionate 
number of atoms of each element presept in the compound,, 
and thus obtain its simplest or empirical formula. Hence we 
,can deduce the molecselar formula when the density of the com¬ 
pound is known. 

Example i. To find the formula of a substance which is 
■ found on analysis to contain the following 


Sodium 

• • • 

... 37*38 

Hydrogen 


... 1*19 

Carbon 

• t • 

... 14*39 

Oxygen 

• • • 

... 57*14 


1 'otal TOO 

Dividing the percentage of each element by its atomic 
weight we get 


Sodium (Na)' 


tT 




Hydrogen (H) ... ^-^=1*19 

Ms 

Carbon ( C ) •••“^^=***9 

' r7»il 

Oxygen (O.) ^»3-57 



PERCENTAGE CQMPOSPrhN. 




Dividing these numbers by the lowest, we get the ratio 
between the number of the atoms as fblloyrs— 

m \ I V ‘ ' 

I'lO ^ 3*57 

i-i9~*“ ri9“‘” ' »• 

Hence the simplest formula of the compound is NaHCOs. 
Exampls s. T0 find /he formula of a substance having tfie 
following composition :—fe -ao’15®/^, 0=*3‘O*‘7o 

and H,0=45'3'7 o' 

Dividing the percentages, of the three elements by their 
atomic weights, and that of water by its molecular weight, 
we get 


*0**5" , »»*5i ,• to *3*0* 

’SdofFe; —of S ; 


56 


3 * 


id 


1*44 of O; 


Dividing these numbers by the lowest we get— 
»Fe; 


■36 

* 

•36 


—1—S’ a — O • 7 c« 7 H O 

.36-i-S, -4-U4, .3^-7 7 H,U. 


Hence the formula is FeSO«, 717,0. 

Example 3. To find the formula, of a compound whose 
vapour density is 30, and which consists of carbon per cent., 
hfdrogen 6'6 per cent., and oxygen per cent. 

, Dividing the numbers by the respective atomic weights, we 

40 6’6 53’4 

get ~=s3»3 of carbon, ———6’6 of hydrogen, *^^=3*3 of 

oxygen. 

Reducing these numbers to the simplest ratio, we hove 

5 a..=C, 

3‘3 ’ 3*3 *’ 3*3 

Hence, the simpleitt formula is CH, 0 . 

Now, the vapour density of the substance being 30, its 
molecular weight mpst be 30X s^do; If, however, its mole- 
cular formula were CH, 0 , its molecular weight would have 
been is (i x s)+16=30. Hence, in order that its molecular 
weight be 60, its molecular or true fonmila mOst be double of 
its^simplest formula, i. e., CgR^O,. 
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Mrmination of Peroentsgo Conpo^km from Fonmifa.>~U is very 
easy to calculate the percental cothposition of a compound 
when its fonnula is known. Let us tod out, for example, the 
percentage composition of sulphuric acid (H,SO«). 

I 

We are first to find out its molecular weight (which is 
equal to the sum of the weights of the constituent atoms)— 

Ifa 1 x.a M 8 
S =38 

0 «= 


98 

Hence, we find that 98 parts (grams, ounces, or pounds) of 
HaSO^ contain 8 parts of hydrogen, 38 parts of sulphur, and 
64 {Arts of oxygen. From these we are to calculate what 
parts of these elements are contained In too parts of HaS04— 

100 X 8 

: 2 : x; or X 


98: too 


98: too 38 : ; or I' 

h 

m 

98 : too 64 :,8 ; or 8 


98 

100x38 

98 

100x64 

98 


8*04 of H 
38’65 of S 
= 65-31 of O 


Total 100 parts of HaSO^ 

Uhivfirolty BxanuoaUoii Questions* 

1. A substance has the following percentage composition ; 
what is its formula P—Oxygen, 38*1 ; Hydrogen, 0*8 ; Phosphoiras, 
24*6 ; Sodium, 36*5. [A. 01, 08]. 

2. The percentage composition of a chemical compound is :— 
Oa>58‘52, H»2'48, Sa39. Find out its formula [C. 06]. 

3. Calculate the empirical formulx of the substances that have 
the following percentage composition 

(a) Carbon>« 69 ' 76 , Hydrogen^ 11 * 62 , and Oxygen 018 * 61 . 
t (^)«Magnesium 021 * 62 , Pbosphoms 027 * 93 , Oxygeno 

50*45. [A. 08]. 

. A swbstaaoe ccotaiB8‘'-Carbon 32, Hy^ogen 4, Oxygen 64. 
Find its simplest formula. [A. 1911]. « 



CHAPTER XI. 

VALENCY OR ATOMICITY. 

I 

Qaantlvaleaee or Valency.—Elements differ in their 
power of combining with one another; and chemists measure 
the combining power of an element in terms of the lu^nber 
of atbms of hydrogen with which an atom of the element can 
combine. Thus, i atom of chlorine combines with i atom of 
hydrogen (as in HCI), i atom of oxygen holds in combination 
a atoms of hydrogen (as in H, 0 ), i atom of nitrogen unites 
with 3 atoms of hydrogen (as in NH,), and so on. The com¬ 
bining capacity of chlorine is then i, that of oxygen », and that 
of nitrogen 3. This combining power of an element is called 
its a/om-jSxiHg power or atomicUy, quAfUivaleme or valency. 

. When an element does not combine with hydrogen, its 

combining caf^city is measured with reference to chlorine (or 

• % ' 

some other monovalent element) with which it enters into 
combination. The valency of an element, then, means its 
combining • value, as measured by the maximum number of 
atoms of hydrogen (or some other monad) with which one 
atom of the, element can combine. 

Clitsslileation of Elements a'coordingf to Valency - 

Elements are divided, according to their valency, into six 

«- 

classes. Some unite with hydrogen (or chlorine) atom for 
atom, and are called monovalent or monad elements. An 
element, one atom d which unites with two atoms of hydrogen 
(or chlorine), is c^ted divalent or dyad. Similarly, there are 
irhalemt or jHa/, letravalent or titrad, pentaval$nt or pentad 
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and hexavalenl or hexad elements. The common elements 
are classtiied in the following table> 


Monovalenta 
or Monads. 

Divalenta 
or Dyads. 

Trivalents 
or Triads. 

Hydrogen 

Oxygon 

Dovon 

Fluorine 

1 Calcium 

Aluminium 

Chlorine 

Strontium 

Iron 

Bvtax^ine 

Barium 

Gold 

lo(}i]ie 

MagneHum 

Biimvth 

Pota$$ium 

Zinc 


1 

Sodium 

Mtrcui'y 


JSilvtr 

Copper 

t 

f 


Lead 

{ 


Tetravalents 
or Tetrads. 

Penfcavalonts 
or Pentads. 

Hexavalento 
or Hexads. 

Oatbcfn ' 

Nitrogen 

Sulphur 

Silicon 

Phosphorus 

Mcmgane$€ 

Platinum 

Areenie 


Tin 


' \ 

1 

m 

1 

If 


It is evident that i atom of a tetrad is equal in combining 
value to t atoms of a dyad, as in carbon dioxide (CO,); i 
atom of a hexad unites with 5 atoms of a dyad, as in sulphur 
trioxide (SO,).. Similarly, a atoms of a triad are equal to and 
unite with 3 atoms of a dyad, as in boron trioxide (BfO,); and 
2 atoms of a pentad are equal to 5 atoms of a dyad, as we have 
in phosphorus pentoxide (P,Og). 

Relation of Sqnivalent, Atomic Weig;]it, and 

Valency. —Remembering what we mean by the equivalent 
weight and atomic weight of an element, we find that— 

The atomic weight of a monad a= its equivalent weight 

i» >> t» »t »» dyad ssx ,, ,, ,, 


»» >» >» »* >s triad S3X ,,' „ ,, 

Hence, generally. Atomic Weight » Valency x Equivalent 

_ , , Atomic Weight 

or, 

Variation Valency .—In some cases the valency d 
an element'varies. For example, nitrogen acts both aii a * triad 
(as in NH,) and as a pentad (as m NH,Ct}; sulphur is 
divalent (as in SH^), tetravalent (as in 90 ,), and hecovalemt 
(as in SO,) ; caartMm is both divalent (as in CO) and tetravalent 






v^isj^cy. 


\ 

V y 



% 

(s8 in CO,). In of variationj the 

«lemfint is generally represented by the highest niimber of 
monovalent ^oms with which an atom of the element can 
combine; thus nitrogen is regarded as a pentad, carbon as a 
tetrad, mtd so on* 

In most cases, the active valency df an element whose 
valency varies is found to increase or diminish by s. Elements 
nitrogen, phosphorus) whose valency can be expressed 
by odd numbers*alone (i, 3-, 5) are called Ptritsads; and eie* 
ments {e.g., sulphur, carbon) whose valency can be reprei^n^ 
by even numbers alone are called Ariiads. 

Saturated and Unsatarated Oomponnds.—When an 

element exerts its full valency, its chemical affinities are.. said 

to be satisfied, and the resulting compound is called Saturated, 

On the other hand, a compound in which one of the constituent 

• 

elements has its affinities still unsatisfied, is called Unsaturated. 
For example, carhon being a tetrad element, CH4 and CO, 
are saturated compounds, while C,H, and CO are onsaturamd 
compounds. In the case of an unsaturated compound the 
imsatisbed combining power of the element Concerned, it not 
destroyed, but remains dormant or latent. This latent potwer, 
becomes active under suitable conditions, and the unsaturatect 

* , a • \ 

compound becomes saturated, as when CO unites with 2 mpfe, 
atoms of oxygen to form CO,. 

Graphie Notation of Valency.— Valencies are repres¬ 
ented graphically, /ar illustrative purposes, by lines Or dashes 
affixed to the symbols Of elements— each line, signifying the, 
power of combining with a monovalent atom. These line's 
are called hands or affinities. Thus a monad is represented 
as having one affinity, a dyad as having two affinities, and so Onf: 

I 

Cl—, •—O—, 0 *», —B—i —C—, ftc. ' s. 

\ \ . 

In the ease of a cbmpound, the lines fure . appropriately 
placed so as to aerve as linha between the cpmhhung elements. 
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For example, the compoande HCtl, H, 0 , NEf,, CH4 iiMf be 
Kspectively represented by the following graphic formulee: 

H 

H—Cl, H— 0 -H, H—N—H, H—C—H. 

1 1 

H H 

In the case of an unsaturated compound, (he unsatisfied 
affinities are represented as grasping each other so as to neutra- 
Kse their powers. Thus, CO, SO*, and SH^ may te graphi¬ 
cally represented as follows : • 

O B 

OssCszss. Ss=3. e==s==a. 

II I 

O H 

Note. —The lines in the graphic notation do not imply the real 
arrangement of atoms or cobstitution of molecules. The length 
and directum of the lines are also immaterial. 

Compountt RftdlOftlS- — A radical (or raiUlt) means an 
unsaturated element or g^roup of elements. Atoms of different 
elements sometimes hold together, forming definite groups 
which enter into the composition of more than one compound 
and pass unchanged {i.t. without decomposition) from one com¬ 
pound into another. These groups of atoms behave like sipgie 
atoms of elements, and are called Compound Rddioafs. Such 
is the group NH4 which occurs in a series of compounds— 
NH40H,NH*CI,(NH4),C05, (NH J,S 0 *. Other examples 
of compound radicals are OH, CN, CO„ NOg, SO, &c. 

A compound radical appears as an unsaturated compound, 
and its valency is measured by -the degree of its unnturation. 
Thus, the compound radical OH, in which one affinity of oxy¬ 
gen is unsatisfied, is monovalent Similarly, NO« is monova¬ 
lent, COf is divalent, PO4 is trivalent, and so forth. 
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University Examinsllon flaes t i o ns* 


It Wbat is (neatit liy the v^ency of an element ? [A. 94, 01}. 

What do yon understand by the valemcy of eleaieats ? H<>yr is 
it measured 7 Arrange the following elements according to their 
valency :—Carbon, nitrogen, chlorine, calcium, mercury. Give 
graphic formulae of one compound of each in Srhich the valency 
is fully satisfied [C. 1916}. 

2. What do you understand by univeUent, bivalent and triva- 
Unt elements ? iC.93]. Give' examples of univalent, bivalent and 
trivalent elements [A. 94]. Arrange the non-metallic elementt in 
groups according to their valency [A. 97]. 

3. What relation exists between tbe following in tbe case 
of gases :-*>atomic deight, molecular weight, equivalent wfight, 
valency, vapour density, and volume 7 [A. 06]. 

4. Write down in columns the atomic weight, equivalent, and 
valency of chlorine, phosphorus,- sulphur, carbon, and calcium 
[A. 01]. 

5. Explain what is meant by a valency of (t) Phosphorus, (2) 
Copper, (3) Sulphur, (4} Silicon, (5) Nitrogen. How may tbe 
valency of one and the same element vary 7 What is the ^ffiective 
valency of Nitrogen in Ammonia, of Sulphur in Sulphur dioxide 
gas, and of Phosphorus in Phosphorous and Phosphoric chloride 7 . 
f A. 093. 

.6. Explain the term ‘Compound radicles.’ [A. 1914]. 


CHAPTER XII. 

OSfiMlChL EQUATIONS AND CALCULATIONS. 

Ohexnical SQUations. —A chemical equation is tbe 8ym> 
bolic expression of a chemical change. Tbe symbols and 
formulse of thb reacting substances in their lequSred propor¬ 
tions, form the left-hand side of the eqnation : when there are 
two or more reacting substances (as- is generally the case), 
their formuls are connected by the sign -h ( pine ). Similarly, 
tbe symbols and formnlm of the resulting substances are joined 
by the sign , and fevm the right-hand side of the equation. 



78 


irnkGATfris cifsmsri^V: 


The sign of eqntlity (es') H- f»keed between the two sides. 


shoeing that the total number of Atoms . on -the two sides 

A ^ 

Of the equation ts the same (in odt^ words, that matter is 
indestructible). On the left-hand side the Sign + implies 
'chemical combination'; whereas, on the right-hand side it 
bears the siihple algebraic meaning; the sign » means 
Iprpduce.* Thits, when we ha\re*the equation 

Zn + sHClsrZnCl.-HH,, 

we mean that one molecule of zinc combines with two molecules 
of hydrochloric acid to produce one molecule of zinc 
chloride and one molecule of hydrogen. 

It should be observed that in chemical equations oubstances 
are always represented in complete molecules. Thus, in order 
to express the action of heat on red oxide of mercury, we must 
have the equation aHgOrszHg+Oj, and libt HgO=Hg+ 0 ; 


I because, O means an atom of oxygen which is incapable of 


Nascent State of Elements.— An element at the 


moment of its liberation from a compound is said to be in the 
nascent stale. In this atomic condition the element is more 
active than when its atoms have united together to form 
molecules. For example, ordinary oxygen does not destroy 
vegetable colours; but when water is decomposed by chlorine, 
the nascent oxygen attacks colouring matters. The atomic 
state of oxygen is expressed by the equation— 

HjO Clj = zHCl-i-O (nascent oxygen). ^ 

Chemical Calculations. —Calculations in chemistry, as 
in other, branches of physical science, are generally made 
according to the Metric System of weights and measures. 
Chemicid problenas involve calculations, of weight only, or of 
vcdume only, os of both weight and volume. 

Galculstiont relating to Weight.—In c ilculations relaUng to the 
weights of sid>stahces that take part in a chemical, change, it is 
convenient first to write out the equation then to note under 
«nch forihttk Ute weights of the snbstance^ concerned. 



f- 





f. To find iht wei^ iff oxygok given eff by 
ieafing roo gtamt of mtreurit Oxide, 

The following is the e<]t}«tion 

aHgO • »Hg + O4 

2(200+16) 2x16 

3 or« we .find a xzi6 parts of HgO yield a x 16 parts of 

oxygen. We are to calculate what weight of oxygen will ico 
grams of HgO produce: . 



100 


• « 



_. ioox 16 
ai 6 


T 4 granis. 


Example a. To find the weight of oxygen that con be 
obtained Jngn too ounces 0/ potamum chlorate. 

Oxygen is obtained by heating potassium chlorate_ 

aKC10B-2KCl + 30 , 

2{39+.^5fl+48J 3x16x2 

That is, 245 parts of KClO, produce 96 parts of oxygen ; 

.. 100 ounces,, „ a:ounces,, „ 

where a: =l?^^=>39.i8 ounces. 


Example 3. To find the weight carbon dioxide evolved 
by heating 2$ lbs. of chalk. 

We have CaCO., “ = CaO + CO 

40+12 f 48 12+32 

That is, 100 parts of chalk yield 44 parts of COq 

*5 ,, „ ,t II lbs. ,, „ 

Example 4. To find how much zinc can be dissolved in 
100 fffams of sulphuric acid, 

* 

The following equation represents the change— 

Zn + H.SO, = ZaSO, + 

66 (2 + 3 - 2 + 64 ) 

That is, 98 parts of H.SOl dissolve 65 parts of zinc : 
too grams „ „ „ at grams,, „ 

where “ 66*326 grams. 

Example 5 . To find how muck nitre is required to produce 
sufficient nitric acid that can dissolve too grants «/ copper. 
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Here we have to peiifprm two calcu]ation8-«*.(i to'find 
the weight of nitric acid required to dissolve too grams oC 
copper, and (s) to find the weight of nitre necessary to pro¬ 
duce the required weight of nitric acid: 

First we have— 

gCu + 8H^7O0 —jCu(NOg^j + sNO + 4WjO 

8 X 63 8 ( 1 + 14 + 48 ) 

That is, 3 X 63 parts of copper require 8 x 63 parts of HNO^ 

8 X too 

.% 100 grams „ „ , „ —grams „ „ 

3 

Next we have— 

KNO, + H,S 04 - KHSO* + Hl^p* 

(39+14+48) 63 

That is, 63 parts of HNO, require loi parts of KNOs 
8 X 100 

,, grams „ ,, » >• ^ grams n ,, 

3 ' 

where ^ ^00 x 10^ ^^ 27‘5 grams nearly. 

3x63 

Calculations of Volumes—We have sometimes to calculate only 
the volumes of gases taking part in a chemical change, without 
\ any consideration of their weights. We have learnt from 
Avofadro’s Law that molecules of all true gases occupy, the 
same space, and that a molecule of a gas is represented as 
occupying two volumes. The volume may be expressed in 
litres, or cubic feet, or pints, &c. 

Exaupls I. To find ike volume of oxygen required for 
Jhe combustion of 200 cx. of hydrogen, ' 

The combustion of hydrogen in oxygen is thus re¬ 
presented— 

+ Oj « sHgO 

2 DK^Mttles 1 moleonie 

4 volnmes .. 2 volumes 

That is, 4 volumes of hydrogen require a volumes of oxygen 

300 CsC* If If I) 100 CsOs ff 

Example a. To fnd how many pinU of gat are produced 
■hv pasting too pints of carbon dioxide over red-hot charcoal. 
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The reaction is represented thns*^ 

CO, + C ss «C 0 

1 moleoale 2 molootilei 

2 yolomefl 4 vulnmea 

That is, s volumes of CO, produce 4 volumes of CO 

/• too pints „ „ „ soo {MDts „ „ 

Calculations of Volumes from Wiigtits.—In calculating the volumes 
occupied by a given weight of a gas, we must know either the 
weight of a litre of hydrogen or the volume occupied by agram 
of hydrogen. It has been found by experiments that the weight 
of one litre of hydrogen at NTP is 0 0899 gram (this quantity 
being called the crUh). Hence, by simple Rule of Three, s 
grams of hydrogen atJ1TP q£C^4|:.;^ 

The weights of ^ses being proportional to their densities, 
it follows that 22'24 litres of pxygen weigh 16 x 2=32 grams, 
that 32*24 litres of carbon dioxide weigh sax a *-44 grams, 

, and so on. Now, twice the density is equal to the molecular 
weight. Hence, /it molecular weight {in gramt) 'of any gas 
occupies 22'34 Hires, 

Example 1 . To find how many litres of hydrogen art evolv¬ 
ed by the action of sulphuric acid on soo grams of zisw. 

' •Putting the atomic weight (in grams) of zinc and the volume 
of hydrogen evolved, under the equation, we have— 

Zn + H,SO. = ZnSO, + H, 

66 grin. 1 vtA. 

122'^ 

Thatfis, 65 grams of zinc evolve 2 a’a 4 litres of hydrogen 


• • 


too 


>9 


9f 




}f 


ft 


it 


ft 


, 100X22*24 

where x as --•■S4’* IttrcM. 

Example 2. To find the volumi of oxygtn obinimd by 
heating too grams of potassium chlorais. 

Here wc have— 

aKClO; - 2KCI + 30^ 

2(394-38*6+48) 3 moteoalte 

«i2iBgtt« ^ 8ii(82*24litii2 
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That is, 245 grams of KClOs yield ^ x 23*34 litres of Oi^gen 
* • 100 ,, ,, ,, ,, X ,, I, ,, 

- 100x3x33*24 

where x =; -:—”37*33 litres. 

345 ^ 

Examfu 3. To find ike volume of oxvgen required for 
the combustion of to grams of carbon, at 75° C. and 7^^ mm. 
The combustion of carbon is represented thus— 

C + O, = CO, 

12 gr. 2 * 2'24 litres 

That is, 13 grams of carbon require 22*24 litres of oxygen 


/. 10 








»> 




»I 


10 X J2‘2l 

where x = -*= i8*6 litres. 

12 


Now l8*6 litres is the volume of oxygen required at NTP. 
We are now to correct this volume for i5°C. and 744 mm. 

V PT 

pressure. Using the combined formula V =■ pj^ • we have 


required volume 


i8*6x76ox r373 + i5) 

- ——-rr; -—20 litres nearly. 

744X.273+0) ^ 


Examination Questions on chemical calculations will be found 
below the respective chapters in Parts 11 & III. 


CHAPTER XIII. 

DISSOCIATION AND ELKCTROLVSIS. 

Dissodla.tiOn.—This term implies a special kind of 
decomposition, in which a compound breaks up by the action 
of heat into simpler substances which unite again when cooled. 
For example, when we strongly heat steam, it is dissociated 
into hydrogen and oxygen; but these combine again at a 
lower temperature— 

3 H, 0 -aH, + 0 s. I 2H. + 0 , = 2 H, 0 . 

Similarly, when ammonium chloride is heated it splits up into 
ammonia and hydrochloric acid, but the products reunite when 
cooled {vide Chap. XXT, Ammonium 'SaIt8)T- 

NH;C 1 «NH, + HCI. I NH, + HC 1 -NH,CI. 



jsiEcrxoLrs/s. 


8 » 

Changes like the above are called rfoersibh or baianoti 
ac/MHs, and are thus represented*^ 

- 3H,0^aH,+6,. 

NH4CI ^NHa + HCl. 

It should be noted that all chemical actions are not sio' 

I 

reversible For example, when potassium chlorate is decom* 
posed, the products do not reunite under any circumstances. 

Electrolysis.'—When an electric current is passed through 
different substances, we And that some allow the current to 
pass, while others resist the passage of electricity. The former 
are called conductors, and the latter non-conductors. Conductors 
are of two Itinds; (1) some are merely physically chang¬ 
ed by a current of electricity, such are the metals and 
a few non-metals; (2) others are decomposed when an 
electric current passes throhgh them or tiieir solutions, 
such are the salts, alkalies and strong acids (HCI, d;c). 
The process of decomposing liquids by passing through 
them an electric current, is called Electrolysis. The 
liquid which is thus decomposed is called an Electrolyte. 
The plate of metal or end of wire which leads the' electric 
current into the electrolyte, is called the positive electrode or 
anode ; and that leading the current from the electrolyte, is 
called the negative electrode or cathode. 

Subjecting various compounds to electrolysis, we find that, 
as results of their decomposition, hydrogen and the metals 
appear%at the negative electrode, while oxygen and other non- 
metals appear at the positive electrode. The products of electro¬ 
lysis sometimes interact with the electrolyte or solvent. Thus 
when we electrolyse an aqueous solution of sodium chloride, 
.chlorine appears at the positive electrode : hut sodium which 
would have appeared at the negative electrode interact with 
water, producing caustic soda and hydrogen which appear at 
the negative electrode. [iNa-f-sH^O — sNaOH + H,}- 
' Hie lOflie TheOPy*~^The phenomena of electrolj'sis 
t're now explained by wliat. is known as the Ionic Theory 
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■or tbe theory of ‘ Electrolytic Dissociation’. This theory 
supposes that electrolytes contain tbe elennents mosdy in 
a dissociated condition,, i. t. as separated atoms. These 
disunited atoms are called iont^ and are charged either 
with positive or with negative electricity. Wlten an elec¬ 
trolyte is under the influence of an electric current the 
positive and negative ions carry their respective charges 
to the opposite electrodes, where they give up their charges 
and unite to form molecules. Metals and hydrogen which 
■carry positive electricity and are thus attracted by the negative 
electrode or cathode, are called electro-negalive or cationt ; tbe 
non-metals which convey negative electricity to, the positive 

I 

electrode or anode are called eltciro-posUive or anions. 

University Examination Questions. 

1 . Write a short account of the phenomenon termed ‘dissocia¬ 
tion’. Which of tbe following substances ‘dissociate’ when heated 
{a) Ammonium nitrate, (d) ' ammonium chloride, (c) Calcium 
carbonate, and (rf) potassium chlorate ? Give reasons for your 
answer. [A. 1914]. Explain the term Dissociation [C. 1915]. 

2. Define Electrolysis. [A. 04'|. 

3. Write a short note on the Ionic Theory. [A. 1915]. 

CHAPTER XIV. 

CLASSIFlGATtON OF ELEUENTS. 

Metals and Non-metals.— Elements are commonly 
divided into two classes, via., Metals and Non-metalsi Gold, 
copper, iron, mercury, Ac. are metals ; while, oxygen, chlorine, 
sulphur, phosphorus, d:c. are examples of non-metals. The 
physical characteristics of metals are :— they are opaque bodies, 
and many of them are ductile and malleable; they can con- 
•duct beat and electricity, and possera metallic lustre (i, t. tlwir 
polished surfaces reflect light): these properties are more or 
less absent from'non-metals. Taking the chemical difierenoss 
into cottsideratioa, the two classes may be broadly defined 
dtust —MtUikare elteiro-pasitift ahnunlt and thtir 
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usually form basts, tohilt Non-mylals art elu/ro-»sgalivt 
tltmenis and tktir oxides form acids, [See chapter on Metals]. 

Strictly speaking, tltere is no real distinction between the 
two ciaitses, and in some cases it is difficult to decide whedier 
an element should be called a metal or a non-metal. For' 
example, arsenic possesses many physical properties peculiar 
to nietals, but in its chemical properties it resembles non- 
metals. Elements (like arsenic) whose properties are inter¬ 
mediate between those oi a metal and of a non-metal, are 
called Metalloids. 

The Periodic Law. —11 was long believed that there was a 
certain relatidn between the properties of elements and th«r 
atomic weif;hts. In 1864 Newlands laid down the Law of Octaves 
in which be pointed out that ‘if the elements were arranged in the 
numerical order of their atomic weights, there was a recurrence 
similar chemical and physical characters at every eighth' element'. 
This law was, in 1869, developed by Mendelejeff into what is 
known as the Periodic Ijtw which is thus stated :— The properties 
of elements (as well as of their compounds) are periodic functions of 
their atomic weights. In accordance with this law Mendelejeff 
formulated a table of classification of all elements, and this 
Periodic System is now regarded as the most natural or scientific 
scheme of classifying elements. 

The meaning of the Periodic Laiv will be clear from the 
following tabular arrangement of some of the elements which 
are arranged in the order of their atomic weights in four rows 
of seven each : 


Series | 

Group 1 

Group 11 

Group III 

Group IV 

Group V 

> 

0 . i 

s 

s 

0 

Group VII 

■ '1 

1 

Li i7) ! 

mi 

IIBI 

■ 

N(14) 

0(10) 

F(19) 

2 

Na (23) 

Mg (24) 

A1 (27) 

B 

Pi 81 ) 

8 (32) 

a (35*5) 

3 



So (44) 

Ti(48) 

V(5I) 

Cr (52) 

Mn (55) 

4 

Ca (33) 

Zn (65) 

Oa (70) 

Ge (72) 

As (76) 

8e (79) 

Br (30) 
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On looking into the table yfft, findl— 

(1) Tbe members of every series exhibit a regntar gradation 
in their properti<es. Thus, lithium is univalent^ berylKum is 
divaleot, boron is trivalent, carbon is quadrivalent, and so on. 
Tjbis gradation is also seen in the power of the elements of a 
series to fm^m compounds with oxygen. 

(2) Tbe members of every group exhibit a regular resem- 
blance. Thus, lithium, sodium, and potassium are all univalent 
metals which decompose cold water and form alkalies. Similarly, 
there is^a close resemblance between carbon and silicon, between 
fluorine, chlorine, and bromine. 

Hence we have the law that when elements are arranged in 
ihe order of their atomic weights there appear a gradation and 
resemblance of their properties at regular periods or intervals. 
The Periodic Law has been of great service in detecting the 
atomic weights of elements ; it has also led on to the discovery 
of new elements, and suggested new lines of research. 

Allotropy — Certain elements exist in more (han on^ 
form, the several forms having different characteristics. For 
example, the same element carbon has the different varieties— 
diamond, graphite, and charcoal. This property of some 
elements to assume different forms is called Allotropy or 
Allotropism. The less known varieties are called the Alio- 
tropes or Allolropic modifications of the more common form. 
Thus, ozone is called an allotrope of oxygen. Allotropy is 
believed to be due to differences in the constitution of the 
molecules of an element. [See under Ozone, Carbon, Sulphur, 
Phosphorus]. 

t 

University Examination Questions 

1. State the chief points of chemical difference between metals 
and non-metals [A. 03]. What do you understand by metallic and 
non^metallic elements [C. 93]. 

2. Why are the elements classed in families ? Give full reasons 
and illustrations in your answer [A. 95]. 

3. What is Allotropy (or Allotropism) ? [C. 94, 1900, 02, 06, 09, 
1911 ; A. 94, 96, 98, 04, 07, 15], Certain elements are capable of 
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existing in allotfopic modi6cation». Explain -and iHuttrate this 
statement [C> 97 ]> 

Mention as many sets of allotropic substances as you remember 
[A. 07]. Describe the allotropic forms of carbpn, phosphorus and 
oxygen (A. ,94, 98]. To what may the allotropism be due ? [A. 94]. 


CHAPTER XV. 

ACIDS, BASES, AND SALTS: NOMBNOLATURB, 

Acids, Bases, and Salts.— The following simple ex¬ 
perimental facts will be of help in understanding what are 
called acidS;, bases, and salts: 

If we burn in gas-jars fragments of carbon, sulphur, phos¬ 
phorus, sodium, potassium, and magnesium, and then shake 
up with water the oxide produced in each case, we shall find 
that two classes of substances h^ve been formed. The solutions 
of the oxides of the non-metals (carbon, sulphur, and phos¬ 
phorus) will have sour taste and will turn blue litmus red: 
these solutions are called acids, and the oxides from which 
they are formed are called acidic oxides or anhydrides. On the 
other hand, the solutions of the oxides of the metals (sodium, 
potassium, and magnesium) will have soapy taste and will turn 
red litmus blue : these are called bases, and the oxides produc¬ 
ing them are called basic oxides. 

Next, if we try the action of a base on an acid, a substance 
may be produced that will behave neither like an acid nor 
like if base; it will be neutral. In this case the acid and 
the base are said to neutralise each other, and the resulting 
substance is called a salt. For example, the action of the 
base potassium hydroxide (KOH) on the common acids is to 
produce a salt and water in each case— 

H,S 04 + *KOH«K,SO* + *HaO 
HCl -H KOH - KCl + H ,0 
HNOa KOH = KNO» -H H.O 

From similar other experiments we learn that 
(/) An acid contains hydrogen (and can turn blue litmus red)s 
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{si) A hmst coniaim a mttal (and tan turm red liimmt iimej t 
(jf) An acid and a bate act upon each other—At hydrogen ^ 
the acid exchanging place with the metal of the hate— 
with the result that: 

(^) A salt it produced from the acid by the replacement if itt 
hydrogen by a metal^ and 

(5) Water it produced from the base by the replacement of itt 
mttal by hydrogen. 

• Neutralisation. —This word means mutual destruction of 
individual properties. It is specially used to denote the 
action of an acid and a base upon each other. When an 
acid and a base are brought together in proper proportions the 
characteristic properties of both the substances are destroyed. 
They are then said to neutralise each other, salt and water 
being produced at the same time. [See Chap. XVI]. 

Aoids.—An Acid is a compound substance containing hydro* 
gen, which hydrogen may be entirely or partially replaced by a 
metal (or a compound positive radical, i.e. a group of elements 
behaving like a metal). The result of displacement of the 
hydrogen of an acid by a metal is the production of a salt. 
Most acids have a sour taste, and change the colour of blue 
litmus to red. 

All acids contain hydrogen, and many contain also oxygen. 
Those acids in which oxygen is present are called oxv~actdt, 
such as is sulphuric acid (H,SO«); those acids in which 
oxygen is absent are called hydracidt, such as is hydrocfjloric 
acid (HCl). 

Note. — It was formerly believed that all acids (and ail bases) 
contained oxygen ; but this 'oxygen theory’ has been discarded 
in view of the fact that some substances (as HCI, HCN) which 
are undoubtedly acids do not contain oxygen. The modern theory 

Sk 

is that all acids must contain hydrogen. But it should not be 
supposed that all substances Which contain hydrogen are acids. 

Bans.—A base is a compound substaniqe containing oxygen, 
hydrogen, and a metal (or a compound positive radical), 
whidi metal can replace the hydrogen of an acid to form a salt* 
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Bases sae commonljr called hvifoxiiis or hydratrt,'* Md basic 
o:idde8 are also somettmes called bases. The more active bases 
that are sblable in water are called alkalies : they have caustic 
properties, and turn red litmus blue as also yellow turmeric 
paper brown; such are caustic soda or sodium bydroside 
(NaOH) and caustic potash or potassium hydroxide (KOH). 
Other bases aee not much soluble and have not the strong, 
properties of aihalies; such are slaked lime or cateiuha bydrox- 
ide (CaH, 0 ,), barium hydroxide (BaHjOi), dc. There are 
even bases which have very little action on litmus *, such Is 
ferric hydrate, Fe,(HO),^ An aqueous solution of ammonia 
(NH4OH) Behaves like a base. * 

Salts.—A salt is a compound substance derived from an 
acid by wholly or partially replacinjg; its hydrogen with a 
metal or a compound positive radical. Salts may sometimes 
be formed by the direct union of a metal with a non*metal; 
*thu8 we have, aNa-l-CIg <> >NaCl. But they are* usually 
produced by the action of an acid on (1) a base or (a) a basic 
oxide or (3; a metal, or (4) by the action of an acidic oxide 
on a basic oxide. Thus— 


. 1 . 

NaOH 

+ 

HCl =» NaCl 

+ 

H,0 

2. 

CuO 

+ 

H.SO* » CuSO* 

+ 

H.O 

3- 

Zn 

+ 

H.SO* = ZnSO* 

+ 


4- 

CaO 

+ 

CO, = CaCOs 




Salts usually possess a saline taste and are neutral to litmus. 
Litmus itself is a salt of a vegetable acid. 

Precipitation.—It is the chemical process by which a subs* 
tance is made to separate from others in a solution, and to fait 
to the bottom of the containing vessel. When solutions of two- 
salts are mixed together and by their double decomposition an 
insoluble salt is produced, then the insoluble salt separates from 
the solution in the solid state, and is then called a Precipitate. 

<• 

* Theive words are, however, no longer regarded as synonjmous. 
Hydrate is ttsed as a general term for oontaining wateF, and tha* 

hyillMktes of basic oxides only are called 
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For enarapici,' w« <^tain a precifHtate of calcium cari^am by 
adding a solution of sodium carbonate to a solution of;c;aldam 
chloride. Similarly, silver chloride is precipitated by miaing solu¬ 
tions of silver nitrate and sodium chloride— 

I 

CaCI, + Na,CO» - CaCO, + aNaCl. 

AgNO, + NaCl - AgCl + NaNO,. 

BaAi^ty of Acids: Normal, Acid, and Basie Salts.-- 

The basicity of an acid means its power of combining with 
a base, and is measured by the^number of replaceable hydrogen 
atoms contained in the acid. When the acid contains only one 
atom of hydrogen that can be replaced by a metal, the acid 
is called monobasic', such is nitric acid (HNO|). Acids 
containing two or three replaceable hydrogen atoms are called 
4ibasic tribasic such are sulphuric acid (H,SOa) and 
phosphoric acid (H^PO*) respectively. 

When all the replaceable hydrogen of an acid is displaced 
by a metal the resultant salt is called a neutral or normal 
salt. But sometimes a salt is formed by a partial displace¬ 
ment of the hydrogen of a dibasic or tribasic acid ■, such a salt 
still retains some of the properties of the acid, and is called an 
acid salt. Thus, of the two salts Na.SO* and NaHSO* formed 
from sulphuric acid (H,S04,), the former is called ‘normal 
sodium sulphate’, and the latter called ‘acid sodium sulphate.’ 

There are some salts produced from oxyacids by union 
of a larger proportion of a base than is necessary for the 
production of the normal salt: such salts are called basic taltt. 
For example, normal lead carbonate has the composition 
PbC03, but what is known as 'white lead' is a basic lead 
<arbonate[(PbC 03 >j,PbHaO,]. 

Chsmioal NomAnolAture.— There is no strict nomen¬ 
clature in Chemistry, although it is the attempt of modem 
science to name substances according to a scientific system. 
The names of the elements have been formed in various vrays; 
•but as a I’ule the names of metals end in -um. Thud, familiar 
metals like gold, silver, copper, &c. are called by their Latin 
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names 4 utt:um, argtn/um, cuprum^ Sdenium and tellurium, 
however, are non* metals. 

X 

*0f Binary Compounds. —Substances consisting of two 
elemmits are called Binary Conpoundt^ and those composed of 
three elements U’e called Ternary Compounds. The following 
are the rules of naming binary compounds« 

(I) ' The dames Of binary compounds are formed of the 
names of the constituent elements; and as. most pf them are 

I 

made up of a metal and a non-metal, the name of the metal 
is placed first and the termination -ide is added to ' the name 
of the non-metal. Thus, we have ‘copper oxide’, ‘sodium 
chloride’, Mead sulphide’, and so forth. 

V * 

(II) When there are more than one compound of the 
same two elements, the compounds are distinguished from 
each other either (i) by the humerical prefixes mono-, di-, tri-, 
d:c,or(2} by the suffixes -ic and -ous, the termination -ic 
implying greater proportion of oxygen (or other non-metal) 

I 

and -ous implying less proportion of it. Thus, we have 
nitrogen monoxide (or nitrous oxide), nitrogen dioxide (or 
nitric oxid e), nitrogen trioxide, &c. 

*, Common substances are more often called by their familiar 
nan^s than by their chemical names. Such are water (hydrogen 
monoxide), common salt (sodium chloride), ammonia (hydrogen 
nitride), sulphuretted hydrogen (hydrogen sulphide), hydro¬ 
chloric acid (hydrogen chloride), &c. 

uf higher compounds {Acids and Ternary and 

higher compounds are also named after the names of their 
principal constituent elements, according to methods similar to 
those applied in the cases of binary compounds. Sometimes 
in naming.a group of acids the prefixes per (sover) and hypo 
(sunder) have to be used, to denote a still higher or lower 
proportion of oxygen than what has already been denoted by 
the terminations -le and ear respectively. Thus we have the 
ascending series hypochlorous acid (HCIO), chlorous acid 
>(BC 10 a,), chloric acid (BCIO,), aud perchloric acid (HC 10 «). 
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Suits are named after the acids fr<M& which they are fbtitted: 
the terminations -tie being applied to the salts of tboSe acids 
that have the suffix and the termination -ate to the salts 
of those acids that have the suffix *tr. For example, aulphuf 
rous acid produces sodium sulphite, and sulphuric acid 
produces sodium sulphate; potassium nitrite is formed from 
nitrous acid^ and potassium nitrate from nitric acid. 

H 

UniTersity Examinatioit QnestitMia. 

1. Define the terms— acid, alkali, base, salt, neutralisation 

illustrating your definition in each case by an example [C.98,04 r 
A. Define basic oxide, acid-forming oxide, base, acicH and salU 

and give examples [C.06]. What are the characteristic properties^ 
of acids^ bases^ and salts ? Give examples of each [C. 1912.] 

2. What is meant by the basicity of an acid ? State the 
basicity of nitric acid, sulphuric acid, and (ortho)phosphoric 
acid, giving reasons for your statements. Define the terms 
normal salt, acid salt, and basic salt giving examples of each class 
[C. 01 ; A. 1911, 13]. Explain the following terms :—monobasic 
and dibasic acids, acid and normal salts (A. 93,9$]. Explain 
the terms Monobasic, Dibasic, and Tribasic acids ; illustrate 
your reply by examples and give the formulae of the salts which 
these acids may form with sodium and potassium [C.95 : A. 07]. 

If M is a monad element, and D a dyad one, give symbols 
of their chlorides, nitrates, sulphates and carbonates [A. 9$]. 

CHAPTER XVI. 

J 

ACIDIMETBY AND ALKALIMETRY. ' 

Acidimetiy and Alkalimetry. -Acidimeiry (or Aceti- 
metFj) and Alkalimetry are the chief methods used in Volu¬ 
metric Analysis, and mean respectively the methods of deter¬ 
mining the strength of an acid or alkali, i. e. tiie amount of real 
acid or alkali present in a substance. The methods consist in 
adding, to a measured volume of a substance, an acid or 
alkali solution of known strength, until the substance is exact¬ 
ly neutralised. The volume of the standard solution used 
determines the strength of the substance under examination. 
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Their Re()ttitite8.-‘For acidimetric and atkaUm^rlc purposes 
the foltowini^ things are required : 

(0 Ap^raiut t^Chemical balance, meaauriiig ejrlinders 
or flasks, pipettes, and burettes. See pp. i$, tq, 

{it) ladkoUts: —These are sub^nces which hidiei^bg^ 
their change of colour whether a liquid is acid, alkaline, or 
neutral. The following are the indicators*- 

1. TvaHkaic: it is pale yellow with acids, and reddish 
brown with alkalies. 

2. Litmus : it ^urns red with acids, and blue with alkalies. 
[Litmus fails when used with alkaline carbonates and should 
not be uspd when working by gas-light}. 

3. Phbnol-pkthalsin : it remains colourless with acids, 
but turns pink (magenta red) with alkaliei. [It is more sensitive 
than litmus and is suitable when a weak acid is to be titrated. 
It should not be used with ammonia}. 

4. Msthyl-osamob : it is pink or red with acids, and yellow 
with alkalies. [Unlike litmus, it is not affected by carbonic 
acid, but cannot be used with oxalic and other organic acids. 
It is specially useful when a weak base is to be titrated]. 

5. Cochineal : it is yellow with acids, and reddish violet 
'with alkalies. [It is unaffected by carbonic acid, and is 
particularly useful when working by artificial light]. 

(ifi) Standard Solution It is a solution of known strength 
f. e., a solution which contains in a known volume of it a known 
weight of a substance. A standard solution can be prepared of 
any strength ; but a ‘normal’ solution is what is generally used. 

Horataland Deoinopmal Solutions.—To understand 
what is meant by a normal solution, let us consider the follow¬ 
ing reactions— 


KOH 

+ 

. HCl = KCl 

+ 

H*0 

(39+16+1) 


(1+36*6) 



NaOtl 

+ 

HCl - NaQ 

4^ 

H,0 

(23+16+1) 


(1+36*6) 



sNaOH 

+ 

H.SO* ae Na,S 04 

+ 

bH.O 

2(23+16+1) 


(2+32+64) 





94 mmCANfC Cf/SiarStRY. 

m 

WjB that 56 parts of KOH and 40 parts of NaOH iieutra< 
lise the same weight (36*5 purts) of HCI.. Hence, if we 
separately dissolve 56 grama.of KOH and eo^rams of HaOH 
in one litre of water, we hbtaln two alkaline eolations wihich 
have equal neutralising power. These two solutions are called 
Mormai alkaline soluii&nu 

Again, we find that 36*5 parts of HCI neutralise 40 parts 
of NaOH, and that 98 parts of H^SO^ neutralise 80 parts of 
NaOH. That is, 36 5 parts of HCI and'98-^a>-49 parts of 
HgSO^ neutralise the same weight of NaOH. Now, if we 
prepare two aqueous solutions, one containing 36*5 grams of 
HCI per litre and the other containing 49 grams of 
litre, the two solutions will have equal neutralising power. 
The solutions in these cases are called normal acid solutions. 

Hence we have the definition :— A normal solution is one 
■which contains per litre one equivalent weight in grams of an 
acid or an alkali. In a normal acid solution there is in one 
litre of it one gram of the replaceable hydrogen, and in one 
litre of a normal alkali solution there is the equivalent weight 
(in grams) of the hydrogen‘replacing metal. For example, a 
normal solution of nitric acid (HNO^) contains 1 4 14 + 48 « 
63 grams of HNO^.per litre, that of oxalic acid (H^C^O.^) 
contains ^(* + »4 + 64)a=45 grams of H.CjjO^ per litre, that 
of calcium hydroxide (CaH,Og) contains 4^(40+2 + 3*)■=37 
grams of CaH,Oj per litre. It is clear that equal volumes 
0/ any two normal solutions^ one acid and the other alkaline, 
exactly neutralise each other. ^ 

When a normal solution proves too strong, we use solutions 
having one-tenth or one-hundredth of its strength. These 
solutions are respectively called decinormal and centinormal 
solutions. 

Normal, decinormal, and centinormal solutions are symbo- 

N N N 

lically represented as —» respectively. Thus* 

N N 

-- means a nbrmal solution of H.SO*, —KOH 

means a decinormal solution of KOH, and so oh. 
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Pr^ara^B of Normal or other Standard Solu- 

tions.'^-Tbei'e are several methods of standardising given 
solutions, f. e. preparing normal, deciaormal, and other, solu¬ 
tions of known strength from the given solattons. Two typical 
prdcesseS are given below.- 


* 

Normsi Solution of Suiphinrio loid.—^Suppose we are given a 
sample of pure commercial snlphuric add having the specific 
gravity 1-84. From the Table* we find that this acid contains 
95'6 per cent, of real H,SO|;, i. 0. too grams of the acid con¬ 
tain 95*fi grams of H«S04. Ai]d, as the volume of 1*84 grams 


too 


of the acid is i c.c., the volume of 100 grams is -—5- c.C. 

• ^ I <>4 ^ 

Now, normal H,$ 0 ^ solution contains per litre 49 grams 
ofH,S04. Let us calculate what volume of the commercial- 
acid contains 49 grams of : 


95'6: 49—7: 


100 


84 


X. 


49 '' 100 - . 

*• ^“ 95-6xr84 = ’^ ^5 ^ nearly. 


We have now to dilute 87 85 c.c. of the acid (or a definite 
portion of this volume) so that the solution may contain 49- 
grams of H^SO* per litre (1000 c.c.). For this purpose we 
tfiay measure off I3’925 c.c. (/. e. 14 c.c. nearly) of the acid, 
and pour it gradually into 200 c.c. of water; when the diluted 
acid has cooled, we must dilute it further to 500 c.c. We thus 
get 50c c.c. of a normal solution of H^SO^. With this we 
can prepare 5 litres of decinormal solution. 

Nsrmal Solution of Sodium Hydroxide. —Suppose we are given a 
solution of NaOfI of unknown strength and a normal solution 
of H,S04 or any other acid. We take ab c.c. of the NaOH 
solution, and add to it two drops of methyl-orange : the solu¬ 
tion will be coloured yellow. We then gradually run from a 
burette the normal acid solution into the alkali solution, until 
the liquid is just coloured red. 


* Ihere ate Tablee and Carves whioh tall na the respcotive strengths 
of the chief acids end slksUes qf varying speoifio gravities. 




Suppose ss‘5 c c, of tlMt uomal acid wem froin the 
biivette. Then ss‘5 c.c. of the-aortnai acid aeutndise to cJb. 
of the given alhah solution. But ss’5 cc. of the normal 
acid solution would eaactlj neutralise 33*5 c.c. of a normal 
alkali solution. Hence, in order to bring the given alkali 
soluUon to the normal standard, we must add to every so c.c. 
of U S’f c.c. of water. That is, i litre of the solution would 

si 

require 135 c.c. more of water to give a normal solution. 
Findings the Strengrth of an acid or idkali.—ln order 

to determine the amount qf an acid or alkali contained in a 
given substance we titrate it, i.e. measure its strength by 
means of a standard solution. * 

Titratioa.—It is the process of testing the strength of a solu> 
tion by means of a standard soluticm. The process is the 
following*:—A certain quantity of the given liquid (or solution 
-of the given solid) is first measured off in a pipette or a 
measuring flask, and is placed in a flask or beaker. Some 
distilled water and an indicator are next added. The standard 


solution is then run in frpm a burette a little at a time until 
the indicator shows that a point of neutrality has been reached. 
The strength of the given substance is thus ascertained from 
‘the volume of the standard solution used. 

Example i. Tfi find /he strength of a solution of sodium 
hydroxide, using a normal acid solution. 

Let us take 35 c.c. of the NaOH solution and titrate by 
-means of the normal acid solution. Suppose 30*5 c.c. of the 
acid solution are required for neutralisation. 

Now, as the acid solution is of normal strength, whatever 
-may be Us nature (whether it be HaS04, 01 HCl, or HNO^, or 
HaCgO^), 30 5 c.c. of it will neutralise 30*5 c.c. of normal 
NaOH soluUon. And as 1 litre of normal NaOH solution 


contains 40 grams of NaOH, 30*5 c.c. of it contain 


30*5 40 
1000 


i*s 3 grams of NaOH. .That is, 35 c.c. of the given NaOH 


icUution contain I'ss gr. of NaOH. Therefore, tooo ox. of 
.the given NaOH solution contain,48*8 gta, (fi MaCHI. 
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^.-^The strength of other dkalies fnay he sscertdned 
sitnilar, methods. 

Example t. To find the perctniagt of sodium ear^onah in 
e sompie of votuking-doda. 

Let us weigh out exactly 4 gnms of the washing-soda and 
dissctlve It in water making up the solution to too c.c. Let ns 
now take 25 c-c. of the solution (which will contain i gram d 
the washing-soda) and titrate by means of normal H,SO« 
solution. 

Suppose 6 C.C. of the normal acid are required for neutra¬ 
lisation. This would neutralise 6' c.c. of normVl KasCOs 

'solution, which contain ,^^ »o*3i8 ~ gram of Na,CO«. 

Hence, this 0*318 gram of NaaCO, is also contained in 25 c.c. 
of the soda solution, i.e. i gram of the sample washing-soda. 
So, too grams of the washing-soda contain 31*8 grams of 
NaoCOs, and the remaining 68*s grams are water or other 
impurities. 

Note i. —The percentage of real $!>dium hydroxide in ordinary 
stick soda, or of potassium hydroxide in stick potash, may be deter¬ 
mined by similar processes* 

Note 2.— The strength or the percentage of a substance being 
knotvn, can easily, prepare a normal solution of it* Thus in the 


above example, 

3r8 gr of Na^COa ^^e contained in 
53 »» M f* 11 


100 

53^100 

318 


gr* of washing-soda 

If »• !♦ 


We h^ve now to dissolve this quantity of washing-soda in water, 
and by diluting make up the solution to r litre. 

Example 3.' To find the perceniagt of sulphuric acid in a 
sample of the commercial acid. 

Let us take a small quantity of the acid, and find its 
weight to be exactly 10 grams. Let us dilute the acid making 
up the solution to too c.c. We then take so c.c. of the 
solution (which contain 2 grams of the acM) and titrate with a 
normal alkidl solution.' Suppose 30 cx. of the alkali solution 
are required. 


7 
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Now, 30 c.c. of the nonnai alkali solotkm neutralise 36 c.c. 

normal H^SO^ solution, which contain 1*47 grams 

of H, SO4. So» I '47 grams of H^SO^ are contained in 2 grams 
of the sample acid; hencct 100 grams of the sample acid 
contain 73*5 grams of HjiSOa, the remaining 86*5 grams 
being impurities. 

NOTB.-^Normal soIotioDs are used only far the sake of con* 
venience. If instead we use any other standard solution, the result 
vriil be the same. Thus, suppose in the above experiment we use 
a solution containing 48 grams of NaOH per litre. Then we will 
find as a matter of fact that 25 c.c. of the alkaline solution will be 
required to neutralise 20 c.c. of the acid. Now, it mvty be easily 
seen that 25 c.c. of a solution containing 48 grams of NaOH per 
litre are equivalent to 30 c.c. of normal NaOH solution. 

University Examination Questions. 

\ 

1. Explain the term ^indicator’ [C. o8]. 

2. How many grams of sodium hydrate are required to exactly 
neutralise 20 litres of hydrochloric acid gas at N.T.P. ? [A. 03]. 

3. What weight of (a) sulphuric acid, and (^) hydrochloric 
acid will exactly neutralize 50 c«c. of a solution of anhydrous 
sodium carbonate which contains 50 grammeis of thjs compound 
in a litre? (Na«23). [A. 05]. 

4. What volume ct a ten per cent, solution of sodium carbonate 
will be required to neutralize a litre of a solution containing 4*9 
grammes of sulphuric acid? [C. 19123* What weight of podium 
carbonate would be required to neutralize 50 c.c. of normal sulphuric 
acid ? Describe how you would proceed to do it. [C* 1913]. 

5. 100 grams of hydrochloric acid solution of specific gravity 
1*17 contain 33*4 grams of HCl. How many litres of acid solution 
of this strength would be required to neutralize $ litres of a 
solution of sodium hydrate containing 0*042 gram of NaOH per 
cubic centimetre ? j[A. 1914]. 

6. In order to find the strength of a sample of hydrochloric acid» 
10 gtams were diluted with water and a piece of marble weighing 
7 grams placed in it. When all action had ceased the marble was 
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removed, washed and dried, and was found to weigh 2‘2 grams. 
What was the percentage stre ngth of Uie acid ? [A. I9iil|. 

7. 7'o grams of magnesium carbonate were added to double 
its weight of dilute sulphuric < acid { afojtjr^ all action had ceaMd, 
it was found that 07 g^ram remained dndissolved t calculate the 
percentage strength of the aado 

8 . 20 C.C. of a decinormal solution ci nitric acid is neutralized 
by 22’S c.c. of a solution of sodium carbonate. Calculate th 
strength of the carbonate solution in teems of normality and the 
weight of the carbonate per litK df the solution. In finding the 
point of neutralization, what indicator would you use, and why 
(Na=a3, C-12, 0-16). [C. 1916]. 
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CHAPTEE A.VII. 

HYDBOGEK. 

Atomic Wbiohi 1. Density 1. Moi.bodl.ar Formdla H,. 

» * 

Oeeurrenoe.—Hydrogen occurs plentifully in nature; but 
it is scarcely found in the free state, except when it is evolved 
with other gases during volcanic eruptions. It forms ^ by 
weight of water, and is contained in ail acids, organic bodies 
and mineral oils. 

Preparation —The general methods of preparing the 
gas are (i) to displace it from a dilute acid by means of a 
metal, and (a) to decompose water. The gas is usually 
collected by displacement of water; but it may also be collected 
by upward displacement of air. 

/. From diluted Acids.-—The.&cid usually employed is 
either sulphuric acid (H^SO^) or 
hydrochloric acid (HCl) diluted 
with water^ the metal used being 
ainc, iron, msgnesium, aluminium, 
or tin. Application of heat is not 
necessary for the reaction. 

Zn+HaS04=sZnS04 + H,. 

Fe + H.SO^ssFeSO^ + Hj. 

Zn+aHClssZnCIf -I- H,. 

Fe + iHCl-FeCI, + H,. 

For lahtfroiorf purfiattt, granulated zinc is placed in a ila^ 
or woulf'i two>necked bottle (Fig. S3) which is fitted up with a 



Fig. 23 . 
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thistle funael and a deliverjr. tuhe^ On pouring ^>e dilute 
acid doum {be funoe], a brisk evolution of the gas commences. 
After a few minutes (when the air in the bimle and tube has 

been t|;xpeiled by the eirotved gas},* it is collected 

f 

over the pnenmatic tro«q^. 

To obtwn a ready softly of hydrogen, Kipp's 

apparatus (Fig. $ 4 ) or the. apparatus shown 

• !h Fig. S5 is often used. 

Granulated zinc Is contained 

in i, and the diluted acid in 

« 

c and a. On opening the 
stopcock r, the acid reaches 
the metal, and the gas is 
rapidly given off. When e 
is closed, the gas is still 

I 

Fig. 24 . Fig. 25 . evolved, until its pressure 

drives the acid away from the metal, so that the action ceases. 

Purifiioation.— In preparing hydrogen by the action of zinc 
on dilute sulphuric acid, commercial zinc is used, because pure 
zjnc does not act with the acid. But as thus obtained the gas 
contains many impurities, e.g., sulphuretted hydrogen, arseniuretted 
hydrogen, sulphur dioxide, oxides of nitrogen, and water vapour. 
These are got rid of by passing the gas through a series of U-tubes 
' containing lead nitrate, silver sulphate, caustic potash, and 
phosphorus pentoxide. 

n. From Water: (1) By the ectim of certain metals; 

(a) Af ordi»/try temperatures water is decomposed by the 
alkali metals (sodium, potassium^ Ac.) and the metals of the 
alkaline eartlis (calcium, strontium, and barium). 

To illustrate the action, a small ynece of sodium is wrapped 
in wire-gauze and plunged into water^ over which is inverted 
a cylinder filled with water: hydrogen is at onpe evolved and 



* This precaution is necessary in all experiments with hydrogen aa 
ifeil as other inflafimiable gaeeso beeauae mixtures of the gases with 
air ^septodt by oontaot with a flrate* 
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collects in the eylinder. Wlien potassiom is used, the aotiou 
is so vigorous some of the potassium and the liberated 
hydrogen take fire, 

sNa+sH.O-sNaOH-fH,. | sK+sH«0*iKOH-i-H.. 

( 3 ) When kiA water is acted upon by ‘aiac>copper couple’ 
{i.e,, ajnc coated with copper), pure hydrogen is rapidly evolved. 
The zinc^copper couple (obtained by immersing granulated 
zinc in s^dilute solution of copper sulphate) decomposes water 
even at ordinary temperatures : the zinc alone takes part in the 
reaction. 

Zn+HjO-ZnO + H,. 

(r) When steam is passed over red-hot iron, magnesium, or 
zinc contained in a tube, hydrogen is liberated. For the 
maHufacture of the gas, iron nails or filings are packed in an 
iron-tube which is strongly heated, and steam from a boiler 
is passed through it. 

3Fe-|-4H jOs=Fe304-f4H, 

( 2 ) By electrolysis.-— See p. 9. zH,Os=2H,-fO,. 

III. Hydrogen is also obtained by the action of zinc or 
aluminium on a boiling solution of caustic soda or potash. 

Zn +zKOHaaZnKgOg 4* H,. 

PropertidS : Physical. —Hydrogen is a colourless, taste¬ 
less, inodorous, and non-poisonous gas. It diffuses very rapidly, 
as it is the lightest substance known. Hydrogen is therefore 
chosen as the standard for comparing the density of gases. 
[Its lightness is demonstrated by the ascent of soap bul>bles 
nlled with it, and by the fact that it can be poured upward. 
Thus, when a jar of hydrogen is held with its mouth" below 
that of a jar of air. hydrogen and air exchange their places, 
1. e. hydrogen [which is much lighter than air) displaces air 
from the upper jar]. 

Chemical.— Hydragen does not support combustion, but is 
an infiammahle gas: it burns with a very pale bltu flame which 
If very hot. Hence its old name ‘inflammable air’ [If we push 
a lighted taper into an inverted jar of hydrogen, the hydrogen 
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wtll bum at the mouth of the jar, but the taper will be 
extinguished';. 

A mixture of hydrogen with" oxygen or air (calted^dehh 
noting gas') expioia violently token it eotnet in contact with a 
flame or spark. Water it formtd to^n hydrogen burns or 
explodes in air or oxygen : hence the name ‘hydrogen,’ i. 
water-producer. we light a jet of hydrogen and carefully 
hold over it a long open narrow glass tube (Fig- 6), a low 
musical note is heard: hence the namcr 'the singing flame 
hydrogen.’ We see also a deposit of moisture on the sides of 
the tube, caused by the union of hydrogen with the oxygen of 
the air within the tube]. * 

iH, + Oj“sHjO. 

Hydrogen has great aljinity for oxygen, and is thus a 
powerful reducing agent. [If We pass hydrogen over hot cupric 
oxide (CuO) or black oxide of Iron (Fe,04), hydrogen unites 
with oxygen and the metal is set free]. 

CuO-l-Hj = H ,0 + Cu. j Fe804 + 4H, *4H,0+ 3Fe. 

Tosts. —(i) Hydrogen bums with a blue lambent flame, 
forming water. 

. (a) I-imewater does not turn milky when poured into a 
vessel in whjch hydrogen has burnt. 

Univemty Examinataoja Qaestions. 

1. Describe three methods of preparing hydrogen and mention 
briefly: its chemical and physical properties {C. 91]. How would 
you prepare pure hydrogen ? What precautions would you take 
in the collection of the gas, and why ? Mention the principal pro¬ 
perties of the gas, and describe any two experiments that you have 
seen in the class in illustration of its properties [C« 08]. 

2. Describe a method for the preparation of hydrogen from 
(n) sulphuric acid, {b) iron and water [C. 02]. What happens 
when steam is passed through an iron tube filled with iron nails 
and heated to redness ? [C. 98]. 

3. When sulphuric acid acts upon i gram of zinc, what volume 
of hydrogen will be liberated at'30* C. and 700 mm. pressure? 
(A. 04]. 
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4. Calculate the weight of iroa ctniverted ia^-gxide by tte 
action of 18 grams of-steam, and find the volume,of hydrogen 
(measured at .T^ P>) produced in the same reaction [C. 04]. 

You are given a. balloon with a capacity of a thonsand litres 
and you wish to fiU it with hydrogtft at 30 anti 750 mm. pressure. 
How much iron would you r^uire for the purpose. Fe<B$6. 
[C. 19123. 

5. What volumes of hydrogen measured at o'^C. and 760 mm. 
pressure would be'evolved cm treating {a) 100 grammes of sodium 
with water, {d) $0 grammes of zinc with hydrochloric acid ? The 
equivalent of zinc may be taken as 32*5 and that of sodium as 
23. £C. oi} 

6. One litre of hydrogen gas measured at 32°C and 758 m.m. 
pressure is burnt in excess of oxygen. What is the weight of water 
produced ? [C. 07]. 

What volume of oxygen at i a*C aud 780 m.m. will be required 
to burn all the hydrogen evolved by the action of dilute hydrochloric 
acid on 25 grams of zinc ? Zn » 65. [C. 08]. 

7. What weight of sulphuric acid and zinc would theoretically 
be required for the reduction of 10 grams of copper oxide ? [A. 98]. 

For solu^on of problems see typical examples^ Chap. XI 


CHAPTER XVIII. 

QXYOBN AND OZONE, 
f OXYGEN. 

ATOMIC WeIOHT Ifi. DSNfilTT 16 . MoLECDLAR FORMULA 

OccuiTeao6.'~-Oxygea is found most id}undanlly in nature. 
In the free state it oonstitutes about I of the volume of the 
air, and in combination with hydrogen it constitutes f of the 
weight of water. It is also a main ingredient of the earth’s 
solid crust and of animal and vegetable bodies. 

PPepayation.—Oxygen is prepared by decomposing (t) 
certain salts rich in oxygen and (z) peroxides; these being 
heated either alone-or sometimes with sulphuric acid. Other 
sources of the gas are (3) water and (4) atmospheric air. . 
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) Tb« JMikod i» to heat potas^ufla chlonte 

(KCIO,). This salt melts at a fairly bigh temperature, yieldiag 
potassium chloric and pure oxygen. A strong flask or retort 
is required the reaction, aad tbe beat has ^to be regulated 
carefully. The gas Is cr^lected over the pneumatic trough. 

aKC 10 ,- 8 KCl + s 0 «. 

If potassium chlpiate be intimately named with one>third 

of its wei^id of manganese 
dkmide (SInO|), and the 
mixture is ^en heated, oxy¬ 
gen is given off readily at a 
lower temperature. In this 
case, potassium chlorate 
alone is| decomposed: the 
■ manganese dioxide acts as 
Fig. at. a catalytic agent (p. i a). 

Other salts which when heated singly or with sulphuric acid 
yield oxygen, are the nitrate (KNOg), permanganate (KMn04), 
and bichromate of potassi um (K«Cr, 0 ,). 

2KNO, as 2KNO, 4- 0,. | SKMnO^ ta K.MnO^ + MnO, +0,. 

2K,Cr;o, + 8H,S04 - 2K,isO* + 2Cr,{804), + 8H,0 + 30,. 

(s) Mafiganese dioxide and lead dioxide are examples of 
peroxides which on similar heating evolve oxygen. 

3Mn0,*iMn304 O,. | aPbO, - aPbO + O,. 

sMnO, + aHgSO^ *■ iMnSO, + aHgO + O,. 

‘ Oxygen from Bleaching-powder.—A ready supply of oxygen is 
obtained by gently heating a mixture of cobalt oxide and bleach¬ 
ing-powder (CaOClgt made into a thin paste with water. The 
cobalt oxide here acts as a catalytic agent. 

aCaOCl, » sCaClg + 0 ,. 

(S) Oxygen is obtained from water, either (a) by electro^ 
lytis, or {b) by decomposing steam by means of chlorine. A 
mixture of steam and chlorine being passed through a red-hot 
porcelain tube containing pumice, the chlorine unitM with 
the hydrogen of water and oxygen is set free. [sCI^ 4- sH ,0 
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=s 4 HCI -f O,]. On bubbling the resulting mi|rture through 
a solution of caustic soda or potash, hydrochloric acid gas is 
absorbed and pure oxygen issues out, 

(4) OxygenSs rmov^ frota air (a) indirectly by Priest¬ 
ley’s method or by Brin’s process, and ( 5 ) directly by fractional 
distillation of liquid air 

fritistttiy's and Lavoiusr’s Ustftod.—Mercury is' heated for some 
time in the air, and is changed into a red powder (mercuric 
oxide, HgO). This oxide, when further heated, is decom¬ 
posed into mercury and oxygen (p. 8): 

sHg -H O2 • sHgO. I sHgO *a sHged- O,. 

v-^rin's Manufacturing Process. —Baryta (barium monoxide, BaO) 
when heated in the air, forms barium dioxide (BaO,) which 
on further heating liberates oxygen : 

aBaO + O2 ->• aBaO,. | sBaO, ■■ aBaO + O,. 

This method, known as Brin’s process, is employed for 
the manufac/ure of oxygen. Air under pressure is forced over 
heated baryta; the oxygen of the air combines with baryta, 
forming BaO^, and the unused nitrogen passes off. On 
removing the pressure, BaO, liberates oxygen which is pump¬ 
ed out by means of vacuum pumps, and baryta remai'ns 
behind. By repeating these operations continuously, a large^ 
quantity of oxygen is collected. « 

m 

Manufacture from Liquid Air.—The recent mechanical process 
of manufacturing oxygen is to subject liquefied air to fractional 
<)istillation ; by this means the more volatile nitrogen escapes, 
leaving behind oxygen which is then compressed into tanks 
or cylinders. 

t 

Propei^es: Physioaf .—Oxygen is a colourless, tasteless, 
and inodorous gas; it is slightly heavier than air. Oxygen is 
the supporter of respiration'; it is essential to the life of 
animals and of plants. If, however, an animal be kept in 
pure oxygen, its life-processes will be so energetic that it wiU 
fa{^ly emaciate. The gas is very slightly soluble in water; 
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but the Httk quantity of it absorbed by water makes the breath¬ 
ing of fishes possil^e. 

Chemioal. —Oxygen is a very active agent ; it oomhfnes 
with almost ail eleihents, forming cxidet. It is a great sO|>|>Or'^ 
ter of combustion ; all injlammable hojim hufn Brillianily in 
oxygen. This may be illustrated by the following experiments : 

(1) A piece of siarooat, t. r. carbon (O), when kindled in 
a deflagrating sppon and plunged into a bottle of oxygen, burns 
brilliantly. The gas produced in the bottle by tiie combustion 
is carbon dioxide (CO»), which will turn lime-water milky. 

C ’+ O, = CO,. 

(2) Sulphur and phosphorus, when similarly treated, bunf very 
brightly. Sulphur dioxide (SO,) and phosphorus pentoxide 
(PgOg) are respectively formed : 

S + O, =SO,. I ' P4 4 5O, - 2P,0,. 

SO, and PgO, can be dissolved in water, and the solutions 
will turn blue litmus red, thus proving that they are aciit. 

(3) Sodium and magnesium burn in oxygen, forming the respec¬ 
tive oxides: 


• 4Na + O, = 2Na,0. | iMg ♦ O, s= sMgO. 

^ * .These oxides are white solids which are soluble in water 
and turn r ed litm us blue ; they thus form batts^, 

(4) Iron, which does not burn in the air, burns in oxyge n. 
Thus, when a steel watch-spring is tipped with burning sulphur 


*and then plunged in a stout jar of oxygen, the spring burns 
with brilliant scintillations and drops of molten iron oxide are 
thrown off, [3Fe-t* 2O, = Fej04]. The oxide Wilt be found to 


be insoluble in water, and will have no action on litmus. 


Note. —As in some of the above experiments acid-forming 
-oxides were formed by the union of the gas with Other elements, 
Lavoisier named the gas ‘oxygen,’ /. e. acid-generator. It must 
now however be said that the name is a misnomer. See p. 88. 

Tests. —A glowing splinter of wood when introduced in 
oxygen bursts into flame. But as this property is also possess¬ 
ed by nitrous oxide {N, 0 ), the two gases can be distioguishe d 
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tbttS : oxygen by oombtning nitric oude (NO) producex 
reddish'brown fumes; while nitrous oxide does not do so. 

Oxidos.—Oxides ore the compounds of elements with 
oi^gen. They may be roughly divided into four classes: 

(i) Acidic oxides, |.y. oxide,8 (usually of non«melals) which 
by imioii with water form acids; such are carbon dioxide (COs)^ 
sulphur dioxide (SO^), phosphorus pentoxide (PsOs), &c. 

(x) Sasic oxides, i. r. oxides (usually of metals) which 
neutralize acids to form salts and water. Some of these oxides 
unite with water to form bases. Sodium oxide (Na^O), calcium 
oxide (CaO), barium oxide (BaO) are exam pies. 

(3) Neutral oxides, i. e. oxides which are neither acidic nor 
basic. Such are water (HjO), iron tetroxide (Fe304), &c. 

(4) Peroxides, i. e. oxides which contain more oxygen than 
acidic or basic oxides, and which give off a portion of their 
oxygen when heated. Barium peroxide (BaO,), manganese 
dioxide (MnOg) are examples. All metallic peroxides when 
heated with sulphuric acid evolve oxygen (besides producing 
salts and water) ; while some of them evolve chlorine on heat¬ 
ing with hydrochloric acid. 

OZONE. 

MoLscrr.AR WsioHT 48. Drnsity 24. Fobmcla O,. 

OoottrreilCO —Ozone occurs in small quantities in the air, 
near the sea-side and in open plains. Tt is formed when an 
electric machine is at work and during thunderstorms. 

Preparation.—(1) Ozone, mixed with nearly 90 per cent, 
of oxygen, is prepared by the action of silent electric discharge 
on dry oxygen. 

[We take a narrow glass, tube, coil round it a piece of plati¬ 
num wire, and down its inside pass 
another platinum wire which must 
eome out through the walls of the 
tube. We then pass a slow cur- 

I 

rent of oxygen into the tube, and connect the two ends of', the 
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wires with s powerful electric machine. A ctf oxygen 

and osooe comes out from the other end of the tube. 

An improved form of the above apparatnc;,. known.as.*^##- 
metis ofane consists of two glass tabes^ one inside the 
other. Here oxygen is oaonixed in the wmular {rii^.like| 
space between the two tubes], ’. -, . 

(2) Ozone is produced, aiQO|[. with ' oxygen, during the 
electrolysis of acidulated water. 

.{3) Ozone is also formed when phosphorus is allowed 
slowly to oxidize in moist air. 

Properties : Physical. —Ozone is a colourless gas hav« 

' ing a characteristic fishy smell (whence the name ‘ozone’ rnerm* 
ing ‘smell’). It is slightly soluble in water, but is absorbed 
oil of turpentine. It can be condensed to a deep blue liquid 
which is explosive and at. temperatures of 250° to 3O0°C. it 
is reconverted into oxygen. 

• Chemical. —Ozone is called or/irr oxygen. It supports 
combu.'^tion, and is a powerful oxidizing and bleaching agent. 
Ihis is due to the fact that when ozone is decomposed the nas¬ 
cent oxygen acts very energetically. Ozone destroys cork and 
india-rubber, and bleache.s vegetable colours. < Metals which 

•‘kre acte'd upon by oxygen with difficulty, are readily attacked 
by ozone: thus * mercury by contact! with ozone is converted 
into its oxide. Ozone decomposes if. solution of potassium 
iodide, liberating iodine: - 

* . aKI + H,O + O;=2K0H-Hl,+O,. 

Test —A solution of potassium iodide and starch is turned 
blue by ozone. 

Osone is ftn allotrope of Ozygeii: Oomposition of 

OzOBO.—Ozone is an allotropic modification of oxygen ; whilst 
a molecule of oxygen consists of two atoms, a molecule of 
ozone is composetf of three atoms of oxygen. This is evident 
from ibc following experimental facts-— 

(1) Ozone is converted hy heat into ordinary oxygen^ a.nd.iiz 
volume is then increased from two to tkree. Hence we have die 
eqaatkm: sOg (4 vol8.)s30g (6 vote). 
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' {») Oxygm, token eonoerUd into otone, contratis to two' 
thirds its' original volume. [When we ozonise a measored 
quantity of oxygen a contraction (say of I volume) takes place. 
Oa absori>ing die esone by turpentine, a further contraction of 
s volumes is obaerved. Thus the ozone occupied s volumes 
and it was produced from (3 + 1)93 volumes of oxygen]. 

3 O,e> 30 ,. 

(3) Wien ozone oxidizes potassium iodide there is no diminu' 
tion in the volume e/ the gas. [This is explained if we repre* 
sent a molecule of ozone by the formula Os. On its decom¬ 
position, an atom of oxygen- would act on the iodide, and a 
molecule of oxygen (O,) would be set free— this oxygen 
molecule occupying the same volumh as the original ozone 
molecule (Avogadro’s Law). For equation see above]. 

(4) The density of oume, as determined from its rate of 
diffusion, is found to be nearly 2^. Hence its molecular weight 
most be 34x2048, 1. e. thrice the atomic weight of oxygen. 
Thus the molecular formula of ozone' is O3. 

Univo^ty Examination Questions- 

I. 

■t 

.1. Describe how you would prepare oxygen in tl|e laboratory 
and give a careful sketch of the apparatus you would employ. 
What are the reactions occurring in the preparation of oxygen on 
the large or manufactoring scale, and what are the conditions 
under which these reactions aSe carried out ? [C. 1900]. 

2. How would you show thst oxygen can be obtained from 
lead nitrate ? Sketch the apparatus you would use for the experi¬ 
ment. Give equation., [C. 1,944].—n[See preparation of Nittmgen 
Peroxide]. 

3. How much Potassium'Chlorate would you take to prepare 5 
grammes of oxygen ? [C. 92]. 

4. What are the decides ? How woiild you classify them ? 
Describe the preparation and properties of one member vI each 
cfaiss [C. 1912]. 

-■ Classify the oxides. Give reasons for the scheme you ado{rt' 
and the characteristic properties of. mtch class. Illustrate your 
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answsr by ^rence to AlsO,, CujO, Fe804, NO, MnO„ PaOj^ 
PbO, Pb,04. (A. 1914]. 

IL 

t 

1. Compare the allotropic forms of oxygen {C. 92, 1900, 1911; 
A. 94,&c.] 

2. How is ozone prepared? [C. 92 ; A. or, 1912]. Describe 
its properties and show how you can prove its constitution [A. 01^ 
08, 1913]. 

3. Oxygen and ozone are iaid to'>be abotropic forms of one 
element. Give reasons for the statement [C. 06; A. 1913,15]. The 
formula 0 « is assigned to the molecule of ozone. Give experiments 
showing the facts which justify this formula [C. 07]. How would 
you prove that three volumes of oxygen condense to form two 
volumes of ozone ? [A. 07J. 

CHAPTER XIX. 

OXIDBS OF HYDROGEN. 

WATER (HYDROGEN MONOXIDE). 

FOBUt'LA H, 0 . MOLBCCLiB WmohT 18 . VapOUB DENSITY 9 , 

Sourses and Varieties of Natural Water.— The 

sources of water found in nature are (i) rain and snow, (2) 
-'^rings, *(3) rivers, and (4) the sea. The characteristics of 
these varieties of water are the following— 

(1) Rain water.— It is the purest form of natural water. But 
in its passage through the atmosphere, rain water takes up ■ 

*many(, impurities, *. g. oxygen, carbon dioxide, traces of 
ammonid, sulphur' dioxide, common salt, particles of soot 
and organic matter floating in the air. 

(2) Spring water.—It is clear and transparent, but contains 
in solution salts of calcium, magnesium, &c., derived from 
the soil through which the water percolates and issues Out. 

( 3 ) River water.—It is generally turbid, owing to its holding 
insoluble matter in suspension. It also contains dissolved 
impurities and is often polluted with sewage, refuse, and 
putrid matt^. 
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(A) Sea water.—It contains in solution the li^est amount 

of solid matter, of which common salt is the chief. 

* 

Mineral and Fresh waters.—-h water which contains so 
much dissolved impoirittes that it has a distinct taste or some' 
medicinal effect, is called a mineral water. A water which does 

I • 

not hold such impurities in solution is called fresh wafer. For 
example, sea water is mineral water, while rain-water is fresh. 

Hard and Soft waters. —A soft water is one which 

gives a lather with very'little soap, while a hard water is one 
which does not give a lather until much soap has been used. 
The hardness of water is due to its containing calcium and 
magnesium salts. Rain water is soft, river water is either haird 
or soft, spring water is generally hard, sea water is always hard. 

The behaviour of hard water with roap is explained thus 
Soap is a kind of salt. The calcium or magnesium salt present 
in hard water acts upon the soap, producing an insoluble com¬ 
pound which is precipitated as a curdy solid. The soap is 
thus destroyed, and it cannot dissolve in the water and so form 
a lather until all the calcium or magnesium is precipitated. 

Temfiorary and Permanent Hardness.—The hardness of water 
may be temporary or permanent, or both at the same tiin^ 
Temporary hardness is that which can be removoi by boiling 
the water, and is due to the presence of bicarbonate of cal¬ 
cium or magnesium. 

When water containing carbon dioxide floats over carbonate^ 
> of calcium -or magnesium, the soluble bicarbonate is produced 
and the water becomes temporarily hard. When such water 
is boiled, the bicarbonate is decomposed; the insoluble, car¬ 
bonate being again formed.and thrown down. Thus-— 

CaCO, 4 H3O ♦ CO,isCafHCOg),. 

Ca(HCO,l, oCaCO, 4 * H ,0 4* CO,. ■ 

The fsir or solid crust that accumulates in kettles and boilers 
is cubonate of calcium or of magnesium, deposited from 
4 >oiling water, as explained above. , 
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Ptrmcmeni, is that arhich c^npot be got rid of by 
boiling the water, aed is due to the presence of tidp^tt or 
chhridet of calcium and magnesium,. 

' 1 » ' 1 / ’ ' ' I 

Softeniagr Sued Water. — (i) Temporary hardnttt 
water eon be removed bvJfoiliag it or by addptg lime to it. The 
latter method is Itnown as Clark's^prooMS, aad consists in adding 
the required quantity of slak^ Jirae. (CaH^O,) to a given 
quantity of the water. By this means all the lime is preci¬ 
pitated as carbonate: 

Ca(HCO,),+CaH,0,ir*CaC05 + sHgO. 

(2) Permanent hardness of water can be removed by adding 
to it washing-soda, i.e. sodium carbonate, NSjCO,. By fliis 
means the sulphate or chloride present in the water is decom¬ 
posed, and carbonate of calcium or magnesium is precipitated : 

CaS04 f Na.COssCaCOs+Na.SOi. 

CaCI, + NajCOs «CaCO» + sNaCl. 

Water thusisoftened is suited for washing purposes, but not 
Tendered potable (on account of the presence of the sodium salt). 

•Purification of Water.—Tbe foreign matter contained 
in water may be held in suspension as well as in solution. To 
‘‘^rify water we have therefore to adopt the following methods: 

I. /rV/rartoe.—Filtration through beds of sand and gravel 
removes insoluble or suspended impurities. 

. 3. Distillation ,—this separates all soluble or dissolved 

impurities. But in order to get rid of volatile impurities, we 
have also to add a strong solution of potassium permanganate 
and caustic potash, before distillation. The first and last por¬ 
tions of the distillate are rejected \ the middle portion is pure 
water. [For form of apparatus see Fig. is]. 

Physical Properties of Water.— Pure water is tasteless 
and inodorous; it appears colourless in thin layers, but in large 
masses or thick layers it has a faint greenish-blue colour. 
Its specific gravity is i; that is to say, water is chosen as the 

8 
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Standard for comparing the weights of equal volumes of solids 
and liquids. Water is almost incomprqgsible. 

Effect of Heat and Cold on Watel*.->Water is a 
liquid at ordtnarjr temperatures. It expands when heated, and 
at 100*^0. it boils and is converted into an invisible vapour 
(which when partly condensed, is popularly called sUwn), One 
volume of water becohsles nearly 1600 volumes of vapour 
at ioo®C. ' 

When cooled, water gradually contracts until it reaches 
the temperature of 4°C. At this temperature water has its 
maximum density. Cooled below 4*^0., water again expands 
until it reaches o°C. when it solidifies into ice. Ice is there¬ 
fore lighter than liquid water ; to volumes of water form 
nearly 11 volumes of ice. 

Water (as well as other non-metallic liquids) are very bad 
conductors of heat. We can heat the upper layers of water 
contained in a tube without affecting the temperature of the 
layers at the bottom. Thus water (as well as other liquids) 
has to be heated from below: the particles at the bottom being 
heated, expand, rise up, and impart the heat to the next unper 
particles,—^the process going on until the. heat is distributed 
uniformly throughout the whole mass. This process of 
transmission of heat is called convection. 

Chemical Properties of Water.— Water is a neutral 
substance, i. e. it is neither an acid nor a base. It exists in 
large proptxrtions in all vegetable and animal substancws. It 
combines energetically with qtucklime, oxide of phosphorus, 
and sulphuric acid; it also unites loosely with many salts, 
when it is known as water of crystallization. Water does not 
ordinarily act chemicaily with metals; but it is decomposed by 
sodium and potassium, and steam is decomposed by red- 
hot ir<»). 

Water dissolves the largest number of substances. It is 

I 

therefore generally found to be mixed up with impurities or 
foreign substances. 
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Volumetric Composition of Water.— The composition 

of water by volume is determined by the following methods: 

V « 

( 1 ) Electrolysis. —Seep. 9. This Anafytie Metkod 
of proving the composition of water; the foirowing are the 
Mithods of Synthesis. 

(2) Eudiometer JSxperiments.— The volumetric 
composition of water is best studied in experiments made with 
a eudiometer {i.e, an instrument used to study the composition 

of gaseous bodies by means of an electric spark). 

• \ 

I 

(«) Cavendish’s Method.—The true composition of water was 
^rst demojistrated by Cavendish. The apparatus he used ^now 

known as ‘Cavendish eudiometer’) consists 
of a pear-shaped bottle or globe, provided 
with two platinum wires fused through its 
top and with a stopcock at its bottom. 
The eudiometer is first exhausted of air 
and then screwed on to a gas cylinder 
standing over mercury and containing a 
mixture of 2 volumes of hydrogen and t 
volume of oxygen. On opening the stop¬ 
cocks the mixed gases enter the eudio¬ 
meter. If now the ti^s are closed and an 
Fig. 2 .S. electric spark passed thrOt^h the wires, the 
' mixed gases explode and combine to form water which appears 
as dew on tlie inner sides of the eudlotneter. The vessel is 
now practically vacuous (neglecting the thht film of dew ton- 
tained in it) and may be again filled with the mixed gases which 
may be exploded. By repeatingttbe experiment several times, 
an appreciable quantity of pure water will be produced in the 

J ’lometer. 

[ 3 ) Hofmann's Method.—By this method we can ascertain the 
' volumetric composition of water in the form of steam. We 
take a U-shaped eudiometer, i.e. a U-tube having one limb 
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open end having two pletinym wires fused through the closed 
limb vfhich is graduated. The closed limb 
is first filled with dry mercury and then a 

a 

mixture of two volumes of hydrogen and 

I « 

ohe volume of oxygen is introduced in it 
The closed limb is also surrounded by a 
wider lube through which passes the 
vapour of boiling amyl alcohol (which 
boils at 132°C)- £By this means the mixed 
^ases in the closed limb are constantly kept 

I 

at a temperature above ioo“C.] 

When the amylic vapour has passed 
for some time, the mercury is brought to 
the same level in the two limbs of the tube 
iso that the mixed gases might be under Fig, 29 . 
the ordinary atmospheric pressure), and the volume of the 
mixed gases carefully noted. [Some more mercury is with- ' 
drawn at this stage, so that the gases being under decreased 
pressure the apparatus would not be shattered by the explosion]. 
The open end is then firmly closed and an electric spark 
passed through the wires. The resulting gas will contract in. 
volume. Mercury is then added to bring it to th» same level 
in the two limbs, and., the gaseous volume again measured. 
The volume will be found to be only tw 5 -thirds of the original 
vplume. Hence, s volumes of hydrogen by uniting with i 
valume of oxygen prbduce s volumes of steam. 

Jf GpETimetric Composition of Water.— The composi- 

'tion of water by weight has been carefully determined by 
Dumas and others. The fpllowing is a rough outline of the 
method adopted: 

Pure dry hydrogen is passed over a 
jrnown quantity of heated«ppper oxide 
-contained in a bulb.. The hydrogen 
reduces tlm oxafo to m^lic copper Fig. ao. 

4uid unitei with oxygen to form water which is absoibed 
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by a known weight bf calcium chloTi.de contahied in a, 

CuO -f Hj =s Cu + H, 0 , 

The gain in weight ol the calcium chloride Uidicates the 
quantity of water formed ; and the loss in weight of the copper 
oxide gives the weight of oxygen that has Combined to form the 
water. The difference of these tw6 weights represents the 

t > 

weight of hydrogen used- Py careful etqteriments Dumas found 
that in IQO parts of water there are nearly 88 9 parts of oxygen 
and t ri parts of hydrogen. In other words, oxt^gen and l^dro- 
gen unite nearly in the proportion of 8 :1 by weight. 

• ' HYDROGEN DIOXIDE or PEROXIDE. 

FoaMDL4 H, 0 ,. Molbculab WsiOBT 34 . 

Preparation.—It is prepared by the action of dilute sulphuric 
acid (or any other suitable abldl on barium dioxide ; 

BaO, + H,S0*»BaS04 + H, 0 ,. 

Properties. —Hydrogen dioxide is known in aqueous solution 
only. In a concentrated form it is a colourless, inodorous, 
syrupy liquid, with an astringent taste. It is an unstable com¬ 
pound, readily decomposing by heat into water and oxygen : 

' . • sHjjOj "> 2H,0 +0.J 

It is a powerful oxidizing agent having bleaching properties. 
Lead sulphide is oxidized by it into lead sulphate ; 

PbS + 4 H, 0 , - PbS 0 * + 4 H, 0 , 

{hydrogen dioxide sometimes appears to act also as a 
reducing agent. This is due to its loose oxygen atom readily 
uniting with' another feebly combined oxygen atom of some 
other compound. Thus when it acts on silver oxide, oxygen 
is evolved artd the oxide is reduced to metallic silver. 

Ag ,0 + H,Oa = Ag, + H ,0 + 0 a. 

Test. —Hydrogen peroxide liberates iodine from potassium 
iodide in pretence of ferrous sulphate. [Compare tests for 
ozone, chlorine, and nitrogen trioxide or. the nitrites] 

Usee —Besides its use in medicine, hydrogen peroxide is 
used in restoring the colour of old oil-paintings and in bleach^ 
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ing SeaiUer, hair, ivorj’, silk, spongti^ &c. It' is also valoable 
in Quantitative Analf ms. 

Univeraitjr Examination Qnestions. 

Ir 

1. What impurities are commonly present in ordinary water ? 
Describe the expert metvta by which you have become aware of 
their presence, mentioning the source from which you derived the 
samples with which you made your experiments [C. 09]. 

’ 2. * Explain the terms temporary and permanent hardness of 
water [C. 99 ; A> 15]. Distinguish between temporary and per¬ 
manent hardness of water and state their causes [C. 06j. 

What is the chemical nature of the sediment formed^in kettles 
in which hard water has been boiled, and why is it formed ? It 
you treat the sediment with hydrochloric acid, what reaction takes 
place ? [A. 05]. 

What causes hardness, and how is it removed in practice ? 
[C. 1916 ; A. 191s]. 

What is Clark’s process of softening water ? [C. 06] How can 
permanently hard water be softened ? [C. 99]. 

3. What impurities would you expect to find in a specimen of 
rivtr v/aiery and how would you proceed to prepare a specimen 
of pure water from it ? Give a sketch of the apparatus you would 
employ [C. 1912]. Some muddy river water is given to you : ' 
describe the method you would employ to get rid, of- (a) the 
suspended, and {d) the dissolved impurities. Make a sketch of 
the apparatus you would employ in the second case [A. 02]. How 
could yon obtain pure water from ordinary water. Sketch and 
explain the apparatus you have used for that purpose. Can v>you 
remove all the impurities by this means ? If not, why not ? 
[C. 09). 

4. How can you show that water consists of the elements 
hydrogen and oxygen? [C. 98, 1910]. 

5. Describe how you would demonstrate the composition of 
water by volume and by weight [C. 94]. 

State clearly what you understand by the formula H^O. Des¬ 
cribe without going into minute detail, how it has been proved that 
this formula correctly represents the composition of water [C. 97]. 

How could you show the composition of water (1) analytically,- 
(2) synthetically ? (A. 04]. By what experiment can the composi- 
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tioii of steahi by voluin« be proved synthetically ? De3cribe tbe 
experiment in ^tait, and make a sketch of the apparatus required 
[C. 1900,15]. Describe experiments showing that when two volaroes 
of hydrogen combine with one volume of ^oxygen, the resultant 
compound occupies two volumes in the gaseous condition [C. 09]. 

How can tbe composition of water^ be determined gravimetri* 
cally ? [A. 99 3 ■ ; 

CHAPTER XX. 

« 

NITBOa^ AffD THEI ATM 08 PHBRB. 

I 

NITROQEN. 

I •• I 

Atomic ’^eiort 14. Density 14. MoutooLAB Fobmitla 

I ‘ 

Occurrancd.—'^fitrogen occurs in the free state In the 
air, forming nearly ^ of its bulk, the remaining ^ being oxygen. 
In combination with other elements it is found in animals and 
plants, and in potassium pitrate (KNO,), commonly known 
as saltpetre or nt/rr,—whence the name ’nitrogen’ is derived. 

Preparation. —i. Nitrogen fmixed with t per cent, of 

argon) is prepared /rom /he air by remov¬ 
ing oxygen from it, by the following two 
processes: 

(1) By igniting a piece of phosphorus in 
a porcelain crucible floating on water, and 
then quickly covering it with a. bell jar, the 
phosphorus unites with the oxygen of the air 
in the bell jar, forming dense white fumes of 
phosphorus pentoxide (P^Og) which are 
speedily dissolved by water so that only 

Fig. 31 . nitrogen is left in die bell iar. 

Pg + 50 ,«aP, 0 g. 

(3) By passing pure air d^rer red-hot copper contained in a 
hard-glass or iron tube, the oxygen of the air unites with 
copper forming cupric oxide, and only nitrogen passes over 
aqd may be collected over the pneumtdid trough. [See below, 
Dumas’s method of determining the ComposiUon of Air]. 




m INORG^lflC CHEMISTRY. 

A 

II. Pure nitrogen is prepared ^ ktuling ammonimm mUrUe 
(NH4NO,), or iotnead of it, fy hailing a saln/ian of pateaanm 
ni/ri/t (KNO,) and anunonium ehiaridt (NB^Ci): 

NB^NO.saH.O+'N, 

KNO, + NH^Cl^ NH^NOg + KCl« aH, O+N, + KCI. 

III. It is also obUiined hy passing chlorine over an excess 
of ammonia. On passing chlorine gas through a strong solu- 
tion of ammonia, nitrogen is evolved: hydrochloric acid 
which is also produced unites with the excess of ammonia to 
form ammonium chloride. [In this experiment the ammonia 

f ^ 

must be in excess; otherwise the violently explosive chloride 
of nitrogen will be formed]. 

*NH, + 3CI, - 6HCI + Ng 
6NH, + 6»Cl 6NH4CI 

8 NH, + 3 CI, - 6NH*C1 + N,. 

Proporties: Physleol. —Nitrogen is a colourless, taste* 
less, and inodorous gas. It is slightly lighter than air, and is. 
very slightly soluble in water. It is not poisonous; but it 
does not support respiration : hence its old name azote. It 
serves the useful purpose of diluting the oxygen of the air. 

Chemical. —Nitrogen is inert or inactive, i.e., it does not 
readily combine with any other element. It is neither inflam¬ 
mable, nor a supporter of combustion. 

Under the influence of sparks from an induction coil, 
nitrogen combines with oxygen and with hydrogen, producing 
small amounts of nitrogen'tetroxide (NO,) and ammonia (NB,) " 
respectively. Boron, silicon, lithium, calcium, magnesium 
and some other elements also unite with nitrogen at red-heat, 
forming nitrides. 

By the action of a powerful electric discharge nitrogen is 
said to undergo partly an allotropic modification. This alio- 
tropic nitrogen glows spontaneously, combines with ordinary 
phosphorus, and exhibits other active properties. 

THE ATMOSPHERE. 

Oonstitnents of the Air.—The atmosphere or alrw» 
live io is principally a tnixture of the two gases oxygen and 
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nitrogen «pprozini«teIy in tbe proportion oil< one to four: 
ni per cent oxy^n and 79 per cent nitrogen by vofome. 

®3 >f »» *» ' ■ tf »* ft '»• t* weight 

But besides these two gases* there are other substances 
present in the air in small but variable quantities. The average 


proportions of all the constituents in too 

volumes of 

pure air 

are the following: 

* • * » 



Oxygen 

ao'fis volumes 

Nitrogen . • 

7711 


Argon (and neon, krypton, xenon) 

0*8 

St 

\ 

Water-vapour ... 

14 

t* 

Carbon dioxide 

0'03 


Ozone 


« 

Ammonia )• 

traces. - 


Niiric acid ' J . ’ 




The air in large towns dnd badly ventilated rooms containa 
many impurities, such as sulphuretted hydrogen, sulphur 
dioxide, particles of soot, bacteria, &c. 

Of the several essential constituents of the air, oxygen is 
the supporter of respiration^ nitrogen acts as a diluent thereto, 
water>vapour appears by condensation as rain and snow, and' 
carbon dioxsde (as well as nitrogen) supplies the food to the- 
vegetable kingdom. 

Uotboda of determining the OomiKnition of Air.— 
That air consists principally of nitrogen and oxygen in the 
proportion of 4 to t nearly, can be experimentally determined 
by the following methods. The first is the method of 
determining the proportionate volumes, and the second the 
proportionate weights of the constituents. 

Eudiometric Method of Cavendish —A measured 
volume of pure dry air and half as much hydrogen are intro¬ 
duced into a eudiometer, and exploded with an electric spatk,. 
All the oxygen contained in the air combines with hydrogen 
tO' form water (which is deposited on the sides-of the vessel) 
and there occurs a contraction of vt^me of the gas (mainly- 
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nitrogen) left in^ the tube. Now, as oxygen unites wltti 
hydrogen in the'proportion of t volume to-s volumes, one^tlrird 
of the volume that disappeared must have been oxygen, and 
this volume is fomsd to be nearly one*fiftb of the vt^ume of 
air taken. 

Copper Method of Dumas. — A tube (C) is filled 
with copper turnings, exhausted of air and weighed. It is 
then connected with a flask (F) which has also been exhausted 
and weighed. To the other end of the tube are attached 
U'tubes (P) containing pumice-stone soaked in sulphuric acid, 
and U-tubes (H) containing caustic potash. The tpbe (C) is 
heated to redness, and the stopcocks (/) are opened to allow 
ia slow current of air. 



Fig. 32 . 


As the air passes through the U-tubes, it is freed from 
carbon dioxide by the caustic'pota^, and from water-vapour 
(and traces of ammonia) by the sulphuric acid ;* the jtir is 
also deprived of its oxygen by the copper, so that only 
nitrogen passes into the flask. When air has ceased to enter, 
the stopcocks'are closed and the tube C is allowed to cool. 
The increase in weight of the tube C (now containing copper 

* The emouDt of cartxK^ dioxide of aqueous vapour present in 
the air oan be determined in this way* When a known volume of air 
is passed through weighed U-tubes containing H^SO^ and KOH, the 
gain in weight of the HJ1SO4 tubes-gives the weight of water absorbed 
and that of the KOH tubes indicates the amoilnt of carbon dioxide 
present in the given volume of air. 
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Oxide) gives the weight of oicygen withdrawtt from the air, 
and the increase in weight of the fiask gives the weight < of 
residual nitrogen. The ratio between these two weights is 
foo^ to be sj'j 77 nearly. ' 

is a Mixture, iA>t a OiMii|>^tnd.—That air is a 
mechanical mixture of oxygen, nitrogen, &c.; and not a chemi* 
cal compound of these substances, is evident from the follow¬ 
ing considerations: 

(1) •SynMrm.*—When oxygen and nitrogen are mixed 
together in the proportion in which they are ordinarily present 
in the atmosphere, the resulting mixture possesses all the 
properties of atmospheric air ; and when the gases- mix 
together, there is no change of temperatafe or volume, W iS' 
found in the case of chemical combinations. 

(2) Anomalous composition.-— The composition of air is not 
always strictly constant; and the relative Weights of oxygen and 
nitrogen present in air are not simple multiples of their atomic 
weights (16 and 14). 

(3) Diffusion.—^hen air is passed through a porous tube, 
nitrogen (which is lighter than oxygen) diffuses more readily 
than, oxygen. Had air been a chemical compound its consti* 
tuents would'^fiot have separated in this way. 

(4) Evaporation .—Nitrogen evaporates Uovnliquid air more 
rapidly than oxygen does. If, it were a chemical compound, 
liquid air would have evaporated as a whole. 

(5) Solubility .—Oxygen is more soluble in water than nitro¬ 
gen. lienee, dissolved air which is expelled from water by 
boiling is found to be richer in oxygen than ordinary air. If 
air were a chemical compound, solution in water would not 
alter its composition. 

Relation between Animak and Plante.— The animal 

r 

and the vegetable kingdoms play opposite functions in nature ; 
but the existence of one is necessary for the existence of the 
other. Animals live upon plants or vegetable products, which 

r 

consist chiefly of carbon, hydrogen, and oxygen. The food 
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of animals pardj^ foes to build up tbetr structute, and partly 
uaderffoes a process of combusUon (i. t, uoion -with the oxygen 
of the inhaled air), whereby the heat of animat body is 
maintained and carbon dioxide is given out from the lunga^*^ 
[Other sources of the s^piy ,of carbon dioxide to the air are 
the combustion of vegetablemaiter,andtheexhalationsfrom the 
depths of the earth.]. 

Plants, on the other hand, have largely to depend on the- 
carbon dioxide of the air. The green parts of plants, with the 
aid of the sun’s rays, decompose the carbon dioxide into car¬ 
bon and oxvgen.f The ca(bon.is used up by the i:^ants in the 
formation of their tissues, and the. oxygen is set free. Plants 
therefore supply the oxygen which is lost by the air in the res¬ 
piration of animals and in the processes of combustion, decay, 
&c. This interchange of oxygen and carbon dioxide between 
plants and animals maintains the average constancy in the com¬ 
position of atmospheric air. 

University Examination Questions. 

b 

1 . 

1. Describe tbe preparation and chemical properties of 
nitrogen [C. 95]. 

2. How may Nitrogen be obtained from (rt) air ; 0 ) ammonia ; 
andfc) nitric acid? How would you proceed if yon were to 
prepare a sample of pure nitrogen; and why ? [C. I9«3]. 

3. How can Nitrogen be prepared from ammonia,«or an am- 
monium salt ? Calculate the volume of Mitrogen measured at I5*C 
and 768 mm. obtained from 10*7 grams of ammonium chloride 
[A. 1910]. 

* This 18 proved when we breathe into lime-water: the oarbon 
dioxide in the breafeh, by union with lime, forms chalk ; and to the 
water beocimea milky. SiintUrly, moisture is at onoe deposited on a 
cold surface against which we may breathe. 

t This is demonstrated if we place a fresh water-plant in a bottle of 
water, aud expose the bottle to sunlight : babbles of oxygen will soon 
form on the under-surfaoes of the loaves of the plant. 
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1. What Is the composition of the Atmosfftoric Air ? State 
'whether it is a true chemical compound or a mere ^mechanical mia* 
ture, giving your reasons for the same ; and describe some of the 
useful purposes served by the different constituetits of the Atmos* 
pheric Air (C. 92]. 

2. Mention facts which justify the belief that air is a mixture 
and not a chemical compound. [C. $6 : A. 14]. What is the rdatioo 
of air to vegetable life ? [C. 96], 

3. Give one or more proofs that the atmosphere is not a chemi¬ 
cal compound of Nitrogen and Oxygen. What other substances 
are generally present in air? How could you demonstrate their 
presence ? [A. 99} 

4. Describe experiments you would perform to prove the 
presence of the four important constituents of atmosphenc am 
What important function has each of these in the economy of 
Nature ? [C. 1913]. 

How would you prove that the air contains carbon dioxide, and 
how would you determine the amount ? [C. 99, 04 ; A. 03, 14]. Of 
•what use is the carbon dioxide and the nitrogen in the atmosphere ? 
(A.03]- 

5. State the composition of air by voinme and by weight. 
[C. 1900]. 

6. Mention the constituents of atmospheric air, and state the 
proportions in which the most important of these occur. Describe 
Duipas’ method of determining the composition of air by weight* 
making a careful drawing of the apparatus used for the purpose 
[C 09 ; A. 14]. 

Name the constituents of the atfnt»id»eTic air, and state how 
its ctunposiiion is affected by animal and plant life. Describe 
simpll' experiments for determining the quantity by weight of any 
two constituents of air [C. 1915]* 

7.. How much phosphorus should be burnt to remove fhe oxy¬ 
gen from 500 grams of air ? What will be the weight of the residual 
gas 7 How would you ascertain that the gas left after the combtn- 
tion contains no Aee oxygen ? (The atomic weight of phosphorus is 
3 ®)*, (C. I 9 ®® 3 * 

8. Find the volume of air, measured at 2o*C. and 780 m.m.* 
that would be required for the complete combustion of ‘5 gram trf 
sulphur. (S • 32,1 litre of hydrogen at N. T. P. wdighs. ’09 gram). 

IC.09J. 



1 


INORGANIC CMBMISTR K 


126 

What volume of atmospheric air measured at yo'C, and 750 m.m> 
will be required for the complete combustion of one gram of sul¬ 
phur ?(Oa 16, S3 b 32. Air contains 20*8 per cent, of oxygen by 
volume, I litre of hydrogen at o°C. and 760 m.m. weighs O’op 
gram). [C. 1911J. 

9. Air contains 23 per cent, of its weight of oxygen. How 
many grams of sulphur would be required to burn out the oxygen 
in 100 litres of air at 30X. and 755 mm. pressure [C. 1914]. 

to. 10 cubic centimetres of a mixture of nitrogen and oxygen 
were mixed with 20 c.c. of hydrogen, and the mixture then explod¬ 
ed. The volume after explosion was found to be 2 ( c.c. (measured 
at the original temperature and pressure). Calculate the volu¬ 
metric percentage composition of the mixture, [A. 1912]. 

CHAPTER XXL 

COMPOUNDS OF NITROOBN. 

Section I. 

AMMONIA. 

i 

Foshula NH, . Molscular Weight 17. Density 8*5. 

OccurrenCG- —Traces of ammonia are found in the air. 
It is produced in the slow natural decomposition of animal 
and vegetable bodies, as well as by heating 
them. The old name for an aqueous solution 
of the gas is spirit of hartshorn, because it 
was originally prepared hy heating the horn, 
hoof, -dung, &c. of harts and other animals. 

I 

PpeparatiLon.— (t) Ammonia may be 
obtained by heating any ammonium salt with 
OH alkali. In the laboratory it is usually pre¬ 
pared by heating in a flask a mixture of dry 
ammonium chloride (NH^Cl) and quicklime 
(CaO) or slaked lime (CaH,0,): when calcium 
chloride, water, and ammonia are produced— 
aNif^Cl + GaO-CaCl,+H*0 + 2NH,. 
sNH^CI + CaH.O.-CaCI. + iH.O+aNHa. 
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As ammonia is tighter than air and soiubla in water, H is 
colhtcted by upward displacement of air (or by displacement 
of mercury). The gas may be dried by betog passed through 
lumps of quicklime. 

Ammonia is also produced (s) by the action of water on 

magnesium or calcimn nitride, and (3) by the action of nascent 

1* 

hydrogen on nitrates or nitrites. 

Mg,N, +6H.O =r sMgiOH), + sNH,. 

NaNOs-i-SH = NaOH + aHaO + NH,. 
Manufacture. —Ammonia is obtained as a byO-product 
in the manufacture of coke and coat-gas. Coal contains 
3 p. c. o& nitrogen, and when k is subjected to destructive 
distillation one of the gaseous products is ammonia. ‘ The 
resulting mixture of gases being passed through water, all the 
ammonia is dissolved. This ammoniacal liqwr is boiled 
with slaked lime, and the expelled ammonia gas is led into 
(hydrochloric or sulphuric acid. The ammonium chloride or 
sulphate thus obtained is purified by recrystallization and 
becomes a ready source of ammonia. 

Properties: Physical.—Ammonia is a colourless gas 

having a peculiar pungent odour. It is 
poisonous when inhaled in the concen¬ 
trated form.' It is lighter than air, and is 
extremely soluile in water, one volume of 
water dissolving at o‘‘C. nearly 1150 
volumes of ammonia. 

[The great solubility of ammonia is 
illustrated by what is known as the Foun¬ 
tain Experiment. A round bottomed 
flask Is filled with ammonia and closed 
with a rubber cork through which passes 
Fig. 34. a long tube furnished with a stopcock. 

'The tube is dipped into water which is coloured with red litmus. 
Oh cooling the flask with some ether and opening the stopcock. 
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water rises Uurough tbe .tube .an(i absorbs all amuionia. 
A. vacuum is thus produced, wUhiu tbe flask* and so water 
rushes up into it in tbe form of a fountain- The water is . also 
turned blue» thus showing that ammonia acts like a base.] . 

Ammonia is eaailjr liquefied bj cold and pressure, ‘ Liquid 
ammonia is extremely volatile, and in its evaporation great 
cold is produced. Hence tiie use of ammonia in the prepara¬ 
tion of ice by Carre’s ice-macMhe. 

Chemical. —(i) Ammonia behaves like a base. It' turns red 
litmus blue, and neutralizes strong acids forming salts : 

a 

2NH3 + H,S04 = (NH4)j,S 04 [ammonium sulphate]. 

NHj + HCl ssNHiCl [ammonium chloride]. 

NHg-hHNOs =tNH,t)NO, [ammonium nitrate]. 

Hence, an aqueous solution of ammonia (NH^OH) is 
called ‘ammonium hydroxide.’ The solution gives oS ammo¬ 
nia when heated. 

(3) Ammonia does not support combustion, nor does it 
burn in air; but it burns in oxygen wirh a greenish flame. 

4NH, + 3O3 = sNa + 6H,0. 

Ammonia reduces cupric oxide and silver oxide when they 
are heated in it. 

3CuO + aNH* •• 3CU + 3HaO + N,. 

(3) When ammonia is passed over heated potassium or 
sodium, amide of the metal is formed, 

sK + sNH* = sKNH, + H,. 

(4) Ammonia is dissociated into its elements by strong 
heat or by tbe passage of electric sparks. It is also decom¬ 
posed by chlorine and bromine. [See below]. 

. Oompositiozi.—The composition of ammonia is shown by 
4he following experiments: 

(1) If we pass a series of electric sparks through a known 
vblume of pure dry anunonia contained in a eudiometer 
standing ovqr mercury, tbe gas is decomposed (into liitrogen aiid 
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hydrogen)' and its volume doubled. If we now add 'sufpicient 

■oxygen and pass ah electric c^rk through the 
miahire» hydrogen, .and oxygen will unite to 
form liquid water... On absorbing the excess 
of oxygen by means of caustic potash and 
pyrogallic acid, the volume of the residual 
nitrogen will be seen to be of the volume 
of the mixture <of nitrogen and hydrogen) 
Fig. 35. obtained after decomposing the ammonia. The 



^ ^ 

diminution of f volume must therefore be due to the disappear- 
' ance of hydrogen that was contained in the mixture. 

Hence, by decomposing i volume of ammonia we Obtain 
(2 xi) volume of nitrogen and (a x|) volumes of hydrogen. 
That is, 4 volumes of ammonia yield 2 volumes of nitrogen 
and 6 volumes of hydrogen r 


aNHs- N, + sH* 

4 vols. a vols. 6 vols. 


(a) A long tube furnished with a stopcock is completely 
filled with chlorine, and a strong aqueous solution of ammonia • 
is' allowed to fall by drops into the tube through the stopcock. 
The'chiorini combines with the .hydrogen of the ammonia 
(forming HCl) and nitrogen is liberated. On now inverting 
the tube over water and opening the stopcock, hydrochloric 
acid g^s is absorbed by water which rushes up the tube, and. the 
volume of the residual nitrogen is found lo be i of the volume 
of chlorine taken. 

But as chlorine combines with an equal volume of hydro¬ 
gen (to form hydrochloric acid), the volume of the nitrogen 
must also be i of the volume of the hydrogen present in 
ammonia. 


The formula NB,.—The densities of ammonia, nitrogen, and' 
hydrogen are 8*5, 14, and i reqpflcUvcly. Ao 4 volumes of 
9 
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ammonia yield t vcdumes nitrogen and 6 volumes of hydro* 
gent the proportions of weights of diese volumes are— 
Ammonia ... 4 x 8*5 » 34 parts 

Nitrogen ... 3x14 w 38 „ 

Hydrogen ... 6x 1 « 6 „ 

These numbers are in the ratio of 17: 14:3. Hence, the 
formula of ammonia is NHg. [See pp. 70, 71]. . 

TostS-—(1) Ammonia has its peculiar pungent odour. 

(3) It turns red litmus blue. 

(3) When a rod dipped in hydrochloric acid is brought in 
contact with ammonia, dense white fumes (of NH4CI) are 
produced. 

(4) When Nessler solution is added to an aqueous solu¬ 
tion of ammonia a yellowish or reddish brown tint or precipitate 
is at once produced. This is tht most delicate test for ammonia 
and its salts. [Nessler solution is a solution of the double iodide 
of mercury and potassium (Hgl.^, sKI) mixed with caustic 
potash]. 

Uses. — (1) In the laboratory, ammonia is valued as a 
reagent; 

(2) Liquid ammonia is largely used in manufacturing ice ; 

(3) Ammonia produces a series of salts (called Ammonium 
Salts) which are in extensive use for cle'ansing, dyeing, manur¬ 
ing and other purposes. 

Ammonium 8altS.'~Ammottia (or its aqueous solution, 
NH4OH) forms with acids a series of salts which closely 
resemble the salts of potassium and sodium. Ammonia is 
therefore called the volatile alkali. It is supposed that in 
these salts the group NH^ plays the part of a metal; NH4 is 
therefore named Ammonium and is represented by the symbol 
Am. Ammonium has not been obtained in the free state, but 
instead of it we always get ammonia and free hydrogen. 

Ammonium salts are mostly prepared from theammoniaca*' 
liquor of gas-works (See aboveX The chief salts are these; 
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Ammonium chlokiok, or Sal-ammoniacy NH^CL 
Ammonium mjtkatb, NH4,NOg. 

Ammonium sulphate, (NH4),S04. 

Ammonium sulphiob, (NH4),S.— This salt is prepared bjr 
treating ammonia with sulphuretted hydrogen. 

Ammonium cakbonatbs : normal carbonate, (NH4),C04 ; 
bicarbonate, NH4HCO, ; carbamate, NH^NHjCOj. 
Commercial apimonium carbonate (Sal-voiatiU) is 

I 

a mixture of the latter two compounds, and is pre* 
pared by beating together sal-ammoniac and chalk. 

Many ammonium salts dissociaie when heated, nnd reunite 
(by sublimadon) when cooled. The dissociation of ammonium 
salts is best illustrated with atiimonium chloride. A porous clay 
pipe is surrounded by a glass tube containing some ammonium 
chloride. On heating the chloride and passing a current of 
air through the pipe a mixture of ammonia and air escapes 
from the pipe and free hydrochloric acid remains within the 
tube. This shews that ammonium chloride dissociates into 
its components, NH^ and HCl, which separate by diffusion. 

University Examination Questions. 

. . . 

1.. What is the formula for ammonia, its molecular weight and 
density ? [C. 99]. 

2. Describe the preparation and properties of ammonia [C. 99, 
00, &c. ; A. 94, 96, 04, &C.1 

3. How is ammonia prepared ? Give equations [C. 94 ; A. 99]. 
Describe, with all experimental details, a method for preparing 
and collecting a pure dry sample of ammonia gas [A. 1912]. 

How much ammonia gas would you get from one gram of 
ammonium chloride at 15° C. and 740 mm. ? [C. 1916]. 

How many grams of ammonium chloride would be required to 
prepare a cubic metre of ammonia at is’C. and under 750 mm. 
pressure [A. 96]. , 

What weight of ammonium chloride would be required for the 
preparation of iQ litres of gaseous ammonia at N. T. P. ? [C. 02J. 

What is the aromoniacal liquor of the gas works ? [A. 94]. 

4. If supplied with a number of cylinders of ammonia gas 
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what experiments would you msike in order to iHikstrate the inore 
important chemical and physical i]^tt>perties of the gas? [C. 1910]. 

Describe the tests of the gas [C. 09]. 

5.. How would you determine the composition of ammonia ? 
C. 09, II, 16 ; A. 99, 04, 06,09, II, 15J. 

Why is ammonia given the formula NH^ and not NaH«?[A,o6]. 
By what experiments would you demonstrate that the formula of 
the gas is NHg ? [A. 1912]. 

15 c,c. of ammonia gas are completely decomposed by electric 
sparks in a eudiometer and then 40 c«c. of oxygen gas are introduced 
and the mixed gases exploded. State the gases present and the 
volume of each {a) just before exploding, and (b) afie^ exploding 

ic. 1913] 

Section II. 

NITRIC ACID. 

Forhdl* HNOj. MoLKOULiR Weight 63 . 

OcOQTPence.—Nitric acid does not occur in the free state 
in nature, except in traces in the air. The chief sources of 
the acid are (i) potassium nitrate (KNO3, generally called 
nitre or saltpetre) which is found as an efflorescence on the 
soil in India and other hot countries, anl (a) sodium nitrate 
(NaNO,, also known as Chili saltpetre or cubic nitre) found in 
.plenty in Chili. 

Prep&ration.—Nitric acid is prepared by the action of 
strong sulphuric acid on either 
potassium nitrate or sodium 
nitrate. In the labontory, equal 
parts of nitre and strong sul¬ 
phuric acid are placed in a stop¬ 
pered retort, and the mixture is 
gently heated. Nitric acid dis¬ 
tils over and is collected in a 
receiver kept cool by a stream of 
water or by being immersed In water. 

The reaction takes place in two stages.- At firet acid potas- 
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Slum sulphate (KHSO4) is pa>daced; this reacts, at a higher 
temperature, upon the nitre and thus normal potassium sul¬ 
phate (KgSO^) is formed. 


IKNO, + H.SO^sKHSO^ + HNO, 

* KNOa t KHSOttgKaSO^ ^ HN O^ 
iKNO, + H.SO^ssKaSO* + sHNO. 


Mamrfaottire.—Nitricacid is manufactured by hating sodium 
nitrate and sulphuric atid in large cast-iron retorts lined with 
fireclay. The acid vapour is carried off through an earthen¬ 
ware pipe into a series of earthenware condensers, and the 
acid sodium*sulphate is run off through an exit pipe. [Usually 
the reaction is not allowed to go on till the formation of nor¬ 
mal sodium sulphate, because the temperature necessary for the 
purpose decomposes a part of the nitric acid already formed]. 

Attempts are now being made to manufacture nitric acid 
by bringing about a direct union' of nitrogen and oxygen of 
the air under the influence of an electric discharge, and then 
by dissolving the resulting nitrogen peroxide in water. 

Pure and Cemmercial Nitric Acid. —Pure nitric acid is a colourless 
liquid. But ordinary or commercial nitric acid has a yellow'- 
ish tinge ' it contains about yo p. c. of the pure acid, the rest 
being wate'r ^d oxides of nitrogen. The pure acid is obtained 
by redistilling commercial nitric acid with sulphuric acid, .and 
then passing a current of dry air through the redistilled acid. 


Properties : Physica/. —It is a colourless fuming liquid 
having a peculiar faint choking odour. It is highly hygroscopic. 
Its specific gravity is nearly 1*5. When heated, nitric acid 
at first boils at 86° ,* but owing to partial decomposition, the 
acid becomes diluted, and so the boiling-point gradually rises 
to iao° when the aqueous acid (containing only 68 p c. of the 
real acid) distUs unchanged. The same aqueous acid is 
obtained when we distil a diluted acid. 

* Chetnioal, —/. // it easily decomposed hy heat : water, oxygen 
and nitrogen peroxide (NO,) being produced. 

4HN0» = aHaO -I- 4N0, + 0,. 
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3. li is a powerful oxidizing agent, and sometimes supports 
eomhustioH. Thus, when a stick of glowing charcoal is plunged 
into the acid» the charcoal bursts into a bright flame. [The - 
charcoal in this case gets oxygen from the liquid acid]. Sulphur 
and phosphorus when boiled with it are converted into 
sulphuric and phosphoric acids. 

3. Strong nitric acid violently attacks animal and vegetable 
bodies. It corrodes the flesh, and burns wood and clothing. 
On account of its corrosive and decomposing properties it is 
called (strong water). Dilute nitric acid produces 

yellow stains on the skin. 

f. Nitric acid dissolves most of the metals. 

Action of Nitnc Acid on Metals.— Generally when an 
acid acts upon a metal, a salt and hydrogen are produced. But 
when nitric acid acts upon a metal, the liberated (nascent) 
hydrogen reduces the acid and is converted into water. Hence, 
hydrogen is not evolved by the action of nitric acid on a 
metal. The result of the action is (i) a nitrate, (2) water, and 
(3) either nitrogen or generally an oxide of nitrogen. The 
actipn depends on the metal, the strength of the acid, and the 
temperature. For example, the temperature an’d the degree of 
concentration of the acid being gradually lowered, its action 
upon copper may be represented thus— 

SCu + 12HNO, - 5Cu(N80)a + 6H,0 + N^. 

Cu + 4HNO, - Cu(NOa)a + 2H,0 + sNOa- 

3Cu + 8HNOa = ^CuCNO*)* + 4HaO + 2NO. 

jCu + JoHNOj =« 4 Cu‘,N 08^9 + sHaO + NgO. 

Similarly, when dilute nitric acid .acts upon zinc, nitrous 
oxide is formed, but when the cohcentrated acid is used 
ammonia is the result— 

4Zn + roHNOg “ 4Zn(NOa)a + sHflG + NgO. 

4Zn + 9HNOa = 4Zo(NOa)a + 3^*0 + NH,. 

_ » 

The action of the acid on silver may be represented in one 
of two ways: 

2Ag + 3HNO. - zAgNO* + H9O + HNO,. 

SAg + 4HNO, - 3AgN0, + 2HaO +NO. 
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Aqua R^gia.-^^itnc acid diraolves all the metals^ except 
gold and platinum, upon which the acid has no action. Nor 
are these two metals i^ected by hydrochloric or any other 
single acid. But by mixing together strong nitric add and 
hydrochloric acid, a powerful solvent is produced, which 
dissolves both gold and platinum. This mixture of the two 
acids is generally called A^a regia{toyai water), because it 
dissolves gold, the ‘king of metals.’ 

The solvent power of afua regia is due to the production. 
of chlorine ; and the nascent chlorine combines with gold : 

HNOa + 3HCI - 2H,0 + Cl, + NOCl. 

3HNO, +*9 HCI + 2Au - 3NOCI + 6 H ,0 2AUCI3. 

NItrosyl 

Chloride Chloride. 

Nitrates. —Nitrates are the salts of nitric acid. They are 
produced by the replacement pf the hydrogen of the acid by a 
, metal or a compound radical, as ammonium (NH«). Nitre 
(KNO3), copper nitrate [Cu(NO0),], ammonium nitrate 
(NH^NOg) are examples. The characteristics of nitrates are :— 

1. They are soluble in water and form regular crystals. 

2. They are powerful oxidising agents : thus, charcoal 
burns w'hen it is placed in melted nitre. 

3. They are decomposed by heat, evolving oxygen and 
nitrogen (or an oxide of nitrogen) and leaving an oxide of the 
metal behind. Ammonium nitrate decomposes in an excep- 
tionsd way, forming nitrous oxide and water. 

4. Their presence is detected by the Ring Test. 

Ring Test.—This is the most delicate test for nitric acid and 
nitrates. Strong sulphuric acid is added to a solution of a 
nitrate contained in a test tube, and the mixture is allowed to 
cool. A solution of ferrous sulphate (FeSO«) is then carefully 
poured down the side of the test tube, so that the solution 
being lighter may rest on the mixture. A deep brown ring 
will be formed at the point of contact of the two liquids, 
tllere H2SO4 acts upon ^e nitrate to form HNO,; HNO, 
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and FeSOi produce aitric oxide which forms the hrown com^ 
pound with FeSOt]. 

The uses of rntrates are manifold. They are largely used 
in medicine, in fire-works, m Eyeing, kc. Particularly, ni^e 
is used in manufacturing gun>powder, sodium nitrate as a 
manure, and silver nitrate in photography. 

TfiStSi for KitrleAeid: I. C<jA>»r TItj/.—N itric acid at 
once destroys the blue colour of a solution of indigo. 

2. Fume and Colour Test. —When nitric acid is poured over 

copper turnings, brown fumes (of nitric oxide) appear, and a 
blue solution (of copper nitrate) is formed. ^ 

3. Ring Test. —When ferrous sulphate is gently added to 
a mixture of nitric acid and sulphuric acid, a brown solution 
appears in the form of a ring. [See below, Nitric Oxide]. 

Uses of Nltrie Acid.— Nitric acid is employed in dissolv. 
ing silver and some other metals. It is largely used in the 
manufacture of sulphuric acid, nitrates, gun-cotton, dyeing 
colours, &c. 

University Examination Questions. 

1. Describe the preparation of nitric acid as carried oat in the 
laboratory. [C. o2, 1911]. Sketch the apparatus you have actually 
used in the preparation of nitric acid. Describe the process of 
preparation, and mention the principal properties of the compound 
[C. 1910, 1914 ; A. 1914]. Explain how you would prepare pure nitric 
acid from ordinary nitric acid. [A. 94]. Describe the properties of 
nitric acid. State in full the information given by each part and the 
whole of the chemical equation that represents the mode of its 
formation [A. 98]. 

2. Describe what occurs when nitric acid acts upon the follow¬ 
ing substances, giving equations :—(a) metallic silver, (/>) metallic 
copper, (c) solution of ammonia, (d) charcoal, (e) caustic soda. 
[C. 94]. What is the action of this acid on silver, copper, and 
gold ? [C. 02 ; A. 1914]. Descnbe the effect of strong nitric acid on 
(a) leather, (i) cotton, (e) a stiver cdn, (di gotd-Ieaf, (e) charcoal. 
[C. 1911]. 
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3. What U ? [A-94]. 

4. Envuneratc the chief uses of nitric acid for industrial 
purposes [C. i9ii]> 

. Section III. 

OXIDBSOF NITBOGEN. 

There are five compounds of nitrogen with oxygen, viz .— 

N,0, Nitrogen monoxide, Nitrous oxide or Laughing Gas. 

NO, Nitrogen dioxide or Nitric oxide. 

NjjOs, Nitrogen trioxide or Nitrous an'hydride. 

NgO^, Nitrogen tetroxide or Nitric peroxide. 

NgOtf) Nitrogen pen'toxide or Nitric anhydride. 

These cbmpounds weil illustrate the Law of Multiple Pro¬ 
portions. They are prepared either directly or indirectly from 
nitric acid, and all of them are decomposed when passed. over 
red-hot copper. The first two oxides are colourless gases, the 
«third is a gas of a brown colour, the fourth condenses to a red 
liquid, and the fifth is a white crystalline solid. None of the 
oxides are basic; the last three are acidic. 

NITROGEN MONOXIDE ok NITROUS OXIDE. 

• _ 

Formula N-^O. Molecular Weight 44. Djb>"3ity 22. 

9 

* Preparation V—(i) The gas may be obtained by the 
a'ction of dilute nitric acid on copper or zinc. [See p. 134]. 

(2) The gas is usually prepared by gtntly heating dry 
ammonium nitrate (NH 4NO3) In a flask fitted with a delivery 
tube^Fig. 14). It may be purified by passing it through solu¬ 
tions of caustic potash and ferrous sulphate, and is collected 
over warm water or over mercury. 

NH4N03-aH,04-Na0. 

ProporUoS: Physioal .—It is a colourless gas having a 
pjbculiar sweetish taste and smell. It is il times heavier than 
air, and is soluble in cold water. When inhaled for a short time 
or in small quantities, nitrous oxide produces a sort of intoxica- 
* tion, often accomptinied by fits of laughter; whence the name 
Laughing Gas. Inhaled in larger quantities it produces uncon- 
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sciousness and insensibility to pain; hence its use as an 

anaesthetic in dental and other surgical operations. 

» 

Chemiocit.—Nitrous oxide is almost as good a supporter 
of tombuftion as oxygen. A glowing splint of wood, phos¬ 
phorus, and highly heated sulphur bum brilliantly in the gas : 
the burning substances decompose the gas and unite with 
oxygen, setting nitrogen free— 

C + aNjO • COj + 2N,. 

P4 + loNjO - 2P,Og + loN,. 

S + sNgO 30j +■ 2Ng. 

Hence, in all cases of combustion in nitrous oxide, the 
combustion is in reality supported by pxygen. 

Tests : Dtetinotlon with Oxygren.—(i) Nitrous oxide 

has a peculiar taste and smell, and produces intoxication and 
insensibility, while oxygen has not these properties. 

(3) Nitrous oxide is more soluble in water than oxygen. 

(3) Decomposition of nitro'us oxide is necessary before it 
• can support combustion. [Feebly burning sulphur (which 

burns in oxygen) is extinguished ip nitrous oxide ; sulphur 
must be highly heated so that it can decompose nitrous oxide 
and burn in it]. In all cases of combustion in nitrous- oxidd 
there is a residue of nitrogenr 

(4) The most notable distinction is this :—Oxygen when 
mixed with nitric oxide produces Jreddish 
brown fumes, but no fumes arise when nitrous 
oxide is added to nitric oxide. 

^ Composition.— If a small piece of potas¬ 
sium is heated in a thumb-shaped glass tube 
containing a known volume of nitrous oxide 
and standing over mercury (Fig. 37), the potas¬ 
sium burns, uniting with all the oxygen ; the 
volume of nitrogen left is found to be the same Fig. 37. 
as the volume of the original gas. Hence, nitrous oxide eontains 
its own volumt of nitrogen. 
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The densities of nitrous oxide aiid nitrogen are sz and 14 
respectivelj; and it is found that z volumes of nitrous oxide 

t 

contain 2 volumes of nitrogen. Therefore,' 2 X 22 » 44 parts of 
nitrous oxide contain s x 14=328 parts of nitrogen and (44—’ 

a8) 3316 parts of oxygen. These proportions of the substances 

>• ^ 

correspond to the formula N^O. 

NITROGEN DIOXIDE on NITRIC OXIDE. 

Forucim. no. Molrcdlar WBiaur 30 . Dfixarey 16 . 

» 

PrepftP&tion—(i) Nitrie oxide is generally prepared by 
gently pouring slightly diluted nitric acid over copper tufnings 
contained in a flask furnished with a funnel and a delivery 
tube (Fig. t3V At first brown fumes will appear : these disap¬ 
pearing, the gas may be collected by displacement of water. 

3 Cu-f- 8 HN 08 •= 3Cu(N03'i2 + 4H8O + 2NO. 

The gas obtained by this method is more or less mixed 
vrith nitrogen and nitrous oxide. To purify it, the evolved gas 
is passed into a cold strong solution of ferrous sulphate by 
which it is absorbed. On heating the solution, pure nitric 
’ oxide is evolved. 

i 

' (2) Pure nitric oxide may be obtained by gently beating a 

mixture of ferrous sulphate, nitric acid, sulphuric acid and water. 

6FeS04-l-3H,S0* + aHN08=3Fe,f^0 J3 + 4H,0-t-2N0. 

'’Properties: Physical. —Nitric oxide is a colourless 
poisonous gas. It is slightly heavier than air and is almost in¬ 
soluble in water. It has been liquefied by enormous pressure. 

Chemical. —'/)// combines readily with oxygen forming 
reddish-brown fumes (of N,Os and NO,). Hence the appear¬ 
ance of these fumes in the flask when nitric oxide is prepared. 

4 N 04 - 0 , = 2 N, 0 ,. I 3 N 04 - 0 ,« 2 N 0 ,. 

(3) li does not ordinarily support combustion. Thus, a 
lighted candle or feebly burning phosphorus is extinguished in 
a jar of the gas. But when strongly burning phosphorus is 
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intiroduced, the ^as is decompiled, and phosphorus con¬ 
tinues to burn:, 

■ P* + loNO -• zPgOg + sN,. 

- (3) A mixture of nitric oxide and vapour of carbon disul¬ 
phide (obtained by adding a few drops of carbon disulphide to a 
jar of the gas) burns, when Ignited, with a brilliant bluish flame. 

TttltS. —See above. 

L^Xiomposition.—When a small piece of potassium is heated 
in a thumb-shaped glass tube containing a measured volume 
of nitric o^ide and standing over mercury, the potassium burns 
and the volume of nitrogen left is found to be hSlf of the 
volume of nitric oxide taken. 

The densities of nitric oxide and nitrogen are 15 and 14 
respectiveTy. Now, 2 volumes of nitric oxide contain i volume 
of nitrogen. Therefore, 2 x 15 = 30 parts of nitric oxide con¬ 
tain 1 X 14=14. parts of nitrogen, and (30—14)=* 16 parts of 
oxygen. These proportions correspond to the formula NO. 

[If the formula of nitric oxide were NjOg, as was formerly 
believed, then its density would have been 30. But its observed 
density is 15, and so the correct formula is NO]. 

NITROGEN TRIOXIDE ob NITROUS ANHYDRIDE. 

Formula NjOg. Molkoular Weight 76. Density 36. 

Preparation and Propertieg.—Nitrogen trioxide is 
prepared (i) by passing through a hot tube a mixture of nitric 
oxide and oxygen or nitrogen peroxide, or (2) by gently 
heating arsenious oxide with nitric acid ; 

4NO + Oj = 2N,0, I NO -I- NO 2 = NjO.,. 

As^Og -J- 4lINOg ■■ 2A52O5 4 - 2H2O + 2N2O3. 

The red gas, when copied to about - 20°, condenses to a 
» greenish-blue liquid which vaporises readily into NO and NO,. 
The independent existence of gaseous N-^Os is therefore 
sometimes doubted. Fumes of nitrogen trioxide unite with 
water, to form nitrous acid (HNO,). 
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Nitrous Acid and Nitoites. —Nitrous add is iorased l»]r 
the union of nitrous anhydride with-water: "NsO,4* 
sHNOy. This acid is itot known to exist in the pure state, 
and is so very unstable that even in dilute aqueous solution it 
decomposes readily: 

SHNOa - HNO3 ^-^HaO + 2NO. 

NitriUs are the salts of nitrous acid, and may be formed by 
passing nitrogen trioxide into a solution of airalk,ali: 

2KOH + NaOg = 2KNOa + HaO. 

Nitrites are stable compounds, soluble in water, and most of 
them are ^decomposed by heat. They are distinguished by the 
following tests : 

(1) When a nitrite is added to an acidulated solution of an 
iodide, iodine is set free. 

(2) Nitrites are deconi{)osed by strong acids, liberating 
red fumes of nitrogen trioxide— 

2KNOi + HiSO* - KaSO* + HgO + N, 0 ,. 

NITROGEN TETROXIDE o» PEROXIDE. 

Formula NO^ and N,04. Molboular Wbiohi 46 and 92. 

Density 23 and 46. 

Preparation. — ft) It is prepared by heating dried lead 
nitrate in a retort, and then conducting the evolved gas into a 
iT^tui^ immersed in a freezing mixture. The gas condenses 
at first as a greenish liquid and then as colourless crystals. 

2 Pb(N 03 )a " 2PbO 4 4 NPa 4 * Oa. 

(2) It may also be prepared by mixing 4 volumes of 
nitric oxide and s volumes of oxygen, and then passing the 
red gas through a tube immersed in a freezing mixture. 

Proportios.—Nitrogen peroxide is poisonous and has a 
suffocating odour. At — 9° it forms colourless crystals, and 
above it becomes an orange-red liquid which boils at ss* 
producing brown vapours. The colour of the gas deepens 
and its density decreases with rise of temperature. The gas 
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is cpsapletelf dissociated at 140°, Us density is 13. It 

is theielpre reptesented by both the furmiUae and NO, : 

N,04 ^ zNO,. 

Nitrogen peroxide supports the combustion of strongly burn¬ 
ing substances, and readily dissolves in cold water to form both 
nitric and nitrous acids. » 

NgO* + H ,0 - HNO, HNO, 

When dissolved in excess of warm water, it produces nitric 
acid and nitric oxide : 

3NOa + HoO - 2HNO. + NO. 

NITROGEN PENTOXIDE or NITRIC ANHYDRIDE. 

’Kt 

Formula N,0». Molkcular Wkight 108. 

Preparation. —It is prepared by carefully distilling a 
mixture of strong nitric acid and phosphorus pentoxide. 
Nitrogen pentoxide crystallises in the receiver and metaphos- 
phoric acid is left in the retort : 

2HN0„ + }\Os = 2 HPO 3 + NgOg. 

Properties. —It is a white crystalline solid which readily 
decomposes into oxygen and NO.^. It rapidly absorbs mois¬ 
ture and dissolves in water to form nitric acid ; 

NoOg + HjO = 2HNO8. 

University Examination Questions. 

I. Give the names and formulae of the compounds of Nitrogen 
with Oxygen, and show how they serve to illustrate the Law of 
Multiple Proportion [C. 92]. 

How may the oxides of nitrogen be prepared ? What occurs 
when they are brought in contact with water ? [A. 05]. 

Describe the methods, direct or indirect, by which each of the 
oxides of nitrogen can' oe prepared from nitric acid [A. 1910]. 
Starting with nitric acid, how would you prepare nitric oxide and 
nitrogen peroxide ? [C. 1910}. 

3. Describe carefully making a sketch of the apparatus you 
would use to prepare and collect nitrous oxide gas [C. 05 ; A. 02,12]. 

State the chief properties of the gas and the manner in which 
it is di^t^guished from oxygen. [A. 02.] 
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What volume of nitrous oxide, at i s^C. and 770 mm. pressure 
can I get by decomposing 400 gtammes of ammbnium nitrate ? 
[A. 1900]. ^ 

How can you determine the composition of nitrous oxide ? 
[A. 19112]« Describe an experiment to prove that nitrous oxide 
contains its own volume of nitrogen, and hence deduce its mole* 
cular formula, given its density to be 22. [C. 1912, 14.] 

3, How would you prepare pure nitrogen dioxide ? Describe 
its chief properties. Describe the experiment made to determine 
its composition. What is its formula, and why is it given ? [C. 08,15] 

How would you prepare and fill a jar with nitric oxide gas ; 
illustraU ;our answer by a sketch [C. 97,03 ; A, 03]. State the 
- chief properties of the gas [C. 97]. What is the result of mixing 
air with this%as, and then shaking up with water ? Give equations 
in each case. [C. 03 ; A. 03]. 

Compare the properties of nitrogen monoxide and nitrogen 
dioxide. [C. 1914.] 

If the oxygen be removed from 10 cubic centimetres of nitric 
pxide, what volume of nitrogen will remain ? [C. 97]. 

4. Give one method for the preparation of Nitrous Anhydride. 
Can we prepare Nitrous Acid from it ? If so, how ? [A. 09]. 

CHAPTER XXII. 

OAEBON AND ITS COMPOUNDS. 

Section I. 

v^ARBON. 

Symbol C, Atomic Weioht 12. 

DuPdront Forms of Carbon-—Carbon occurs in three 
different forms, m., Diamond, Graphite, and Amorphous 
Carbon. The first two are pure carbon and have crystallint 
structujres, while the third (of which there are many varieties, 
all of which are more or less impure) is non-crystalline. The 
former are found in nature in the free state, the latter is pro« 
duced from organic compounds (i.^. substances of animal and 
^vegetable origin) and is also found' in t;he natural substances 
coal, chalk, marble, limestone, Wood^harcoal, bone-black, 
coke, lampblack, soot, &c. are all varieties of amorphpu8*carbop. 
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^hat diamond, graphite, charcoal &c. arfe different alloiropic 
modifications of the same element Carbon, may be shown both 
from their physical and chemical properties, 

(i) All of them are tasteless and inodorous ; they ere in* 
solid)le in water or in any liquid, and can stand heat to a high 
degree without being melted. 

is) When burnt in air, all of them yield only carbon dioxide ; 
and if equal quantities of diamond, graphite, and pure charcoal 
be burnt, the quantity of carbon dioxide produced in each case 
will be the same. Conversely, knowing the composition of 
carbon dioxide, if we can calculate how much carbon is con¬ 
tained in a given quantity of carbon dioxide ((obtained by 
burning diamond, graphite, or charcoal), we will find that the 
calculated weight of carbon is equal to the actual weight of 
the diamond or graphite or charcoal used. 

Fopmation and Physical ProperUesof Carbon.— 

Diamond. —It is the purest form of carbon, found in India,. 
South Africa, Australia, Brazil, and the United States. It is a 
crystalline substance with great brilliance and lustre, and is 
colourless when pure. It is the hardest substance known, and 
its specific gravity is nearly 3*5. It does not conduct heat or 
electricity, and burns at an exceedingly high temperAtute. 
The origin of diamond is still unknown. Moissan has shown 
its artificial formation by dissolving carbon in molten iron (ai 
a temperature above 3000”; and then suddenly cooling the 
whole mass by plunging it into water or molten lead, On 
dissolving the iron in acid, minute crystals of diamdjqid are 
found in the residue. 

Graphite.—It is found in India, Siberia, and California. It is 
now manufactured by heating in an electric furnace a mixture 


of 07 parts of charcoal and 3 parts of iron. * Graphite is a 
smooth, shining, grayish-black, crystalline substance. Out¬ 
wardly ir resembles the metal lead, and is therefore also called 
plumbago or black-Uai. It is so soft that it marks paper ; its 
specific gravity is nearly x'2. - It is a good conductor Of heat 
and elet^city, and burns when' strongly heated. 
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Charcoa]» ^c.—None of the varieties of amori^ous carbon 
are pure c&rbon. They are generally obtaftled by the destruo* 
live distillation of organic Substances, or by burning ^them in a 
limited supply of oxygen. Thus, wood>cliarcoal is obtained by 
firing wood piled into stacks and covered with turf. Similarly, 
coke and gas-carbon are obtained as rescues in the destructive 
distillation of coal. Bone-black (also called Mvory-black' and 
'animal charcoal') is prepared by heating bones in closed 
retorts, and lamp-black or soot is obtained from burning oils. 
The specific gravity of amorphous carbon varies from 1*5 Co 
2'3. All the var\eties..(except gas-carbon) are bad conductors 

‘‘Of heat and electricity. Charcoal being porous absorbs gases 

* 

and withdraws colouring-matters from liquid solutions. 

Coal.—It is a very impure form of carbon. Coal is the 
product of the decay of vegetable-matters of past ages, in the 
absence of free air and under great pressure of the earth. 
There are principally two varieties of coal, viz., (1) soft or 
bituminous, and (2) hard or anthracite. Soft coal burns with 
a smoky flame and is used for the manufacture of coal-gas. 
Hard coal burns with great heat but little smoke or flame, and 

** 4 

is used as steam-coal. ' Hard coal contains more carbon than 
softjiMl *doe8. ^ 

^^hemical ProperUes of Carbon. —The several forms of 
carbon, though differing widely in their physical properties, 
are chemically the same element. At ordinary temperatures 
carbonf* is inactive, but at very high temperatures it combines 
with oxygen, sulphur, iron, and some other elements. Carbon 
burns in air or oxygen producing carbon dioxide. It is a 
great reducing agent: when an oxide of a metal (je.g, copper 
oxide) is heated with carbon, the oxygen is abstracted by 
carbon and^the metal is set free*"- 

2CuO + C ™ aCu + CO(. 

Uses of Carbon. —The chief uses of carbon are these .* 

* Of Diamond ,—^It Is valued as a gem and is used for cut¬ 
ting glass, rock-boring, grinding and polishing hard substances. 

10 
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Of GrapkUt .—It is used forllie manufecture <>f the sorcalled 
lead* pencils and of crucibles* lor; making anodes hn electro* 
lytic processes, for polishing gunpowder and protecting iron¬ 
work from rusting, and as a drr lubricant. 

Of, Charcoaly ^c, —^Wood-charcoal and coke are used as 
fuel and as reducing agents in metallurgical operations. 
Wood-rcharcoal is ^so used in water-filters, for gunpowder, 
and as a disinfectant. Bone-black is used in sugar-refining, 
lampblack for printer's ink and black paint, gas-carbon in 
voltaic batteries and the arc-light. 

University Examination Questions. 

1. In what forms is pure carbon found in natui'e? Describe' 
their distinguishing properties [C. 99]. 

2. Name the allotropic modifications of carbon, and give 

reasons why they are to be regarded as such [A. 1915]. The 

diamond, graphite, and charcoal are said to be allotropic forms of 
one element. Give reasons for this statement [C. 06J. 

3. Mention the natural and artificial forms of carbon. Com¬ 
pare their properties, and indicate their uses in the arts and in the 
laboratory. (C. 1913].'* Compare the allotropic forms of carbon 
[C. 1900 ; A. 94, 98.]. Give a short description of the allotropic 
modifications of carbon, and mention their chief uses [C. 09]. 
Name the amorphous forms of carbon. How are they'obtained ? 
Mention their important uses, in the arts and * manufac^res 
[C. 1911]. 

^ Section II. 


OXIDIBS OF CARBON. 

n/ carbon dioxide o» carbonic acid gas. 

Formula CO,. Uolsoular Wkioht 44 , Denstxt 22 . 

OecUTTBllce.—It occurs in the free state in the air (special¬ 
ly in the vicinity of volcanoes) and in many mineral waters. 
In combination, it is abundantly found in chalk, n^rble, lime¬ 
stone, coral, Ac. Carbon dioxide is given out by animals with 
their breath, and it is produced whenever caeboa and its 00m- 
' pounds bum or naturally decay in » sufficient supply of air or 
•dxygfefi. 
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Preparatioil‘ —^The modM of preparaticm are these: 

L By adding aa acid t$ a carbonak,. For laboratoipy piir> 



poses, fragments of calcium carbonate (i t, 
clmlk, marble, or limeatone) are placed in a 
flask or a two^necked bottle which is fumi^> 
ed with a thisUe-funitel and a delivery tube; 
on the addititm of hydrochloric acid through 
the funnel tube, the gas is evolved rapidly. 
It is collected by downward displacement 


Fig. 3^ (or by displacement of water). 

'“'^CaCOa + 2HCI - CaClj + HjO + CO,. 

Notk.— In preparing the gas we may use sulphuric acid instead 
ofhydrochloric acid, fCaCO, + H2SO4 CaSO* + H,0+C0,]. 
Butin this case powdered chalk must be used, and the mixture 
must be stirred constantly. For if lumps of CaCO, be employed, 
the insoluble calcium sulphate (CaSO^) will soon form a coating 
•on them, and thus put an end to the reaction by preventing the 


acid to come in contact with the carbonate. 


//. By strongly heating calcium carbonate. 

CaCO, « CaO + CO,. 

III. By burning carbon in a fret supply of air or oxygen, 
or- by dec omposing organic matters. For example, cane-sugar 

is converted into alcohol and carbon dioxide by 

•"fomentation : 

Ci,H2,Oii + H 2 O ™ 4C,H,0 + 4C02. 

’"^’wopertiea : Physical. —Carbon, dioxide is a colourless 
gas, having a slight acid taste and smell. It is not poisonous, 
but it does not support respiration; when inhaled in excess it 
produces suffocation and may even cause death: hence the 
name 'choke-damp' given to it by miners. It is nearly times 

v^el mto another. By cold and pressure it can be easily 
cfaiani^d into the liquid and solid statea. 

\l^arbon dioxide is joluile in Wftter ; hence jts use in the 
preparation of aeratc4 waters: the so-called 'soda water' being 
nbtbing more than water charged with. carbon, dioaudc .wider. 
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pressure. Its solution in water is called Carbouic Acid 
(HjCOj,); hence carbon dioxide il also known as carhonie acid 
gas or carbonic anhydriit. 

CMmfoul.—Carbon dioxide dots not burn; nor does if 

ordinarily support combustion. As it has great power of 
extinguishing flame, it is convenient!]^ used as a *flre-extingui¬ 
sher.' But some metals having a great affinity for oxygen 
born in it: thus, when a burning magnesium wire is introduced 
into the gas, or when potassium is heated in if, the metal 
continues to burn— 

COj -h aMg *i zMgO 4* C. I COj + 4 K ta aK^O + C. 

Carbon dioxide unites with alkalies to form carbonates. Thus, 
when it is passed into a clear solution of lime-water (calcium 
hydrate, CaH,0,), the liquid at once becomes turbid, owing to 
the formation of calcium carbonate which is insolubfe in water— 

CaHjOj -i* COg CaCOg + H^O. 

• 

Test. —Carbon dioxide is readily distinguished by its 

property of turning limewater milky. (See below). 

y( 

Composition. —The composition of carbon dioxi de may 
be shown by means of a U-shaped eudiometer, open at one 
end and halting a bulb at the other. The bulb has 
through which pass two copper wires, one of which' 
carries a small porcelain boat. A piece of pure 
carbon is placed in the boat and a platinum wire is 
connected with the copper wires and made to touch 
the carbon. The tube is first filled with mercury, 
oxygen is then introduced into the bulb and the 
mercury is brought to the same level in the two 
limbs of the tube. On passing an electric current 
through the wires, the carbon is ignited and unites 
with oxygen to form carbon dioxide. When the apparatus 
has cooled, it will be found that the volume of carbon dioxide 
is the same as the original volume of oxygen. Hence, carbon 
dioxide contains its own volume of oxygen. 
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C "f* *** CO|i^ 

,1 vols. t vols. 

. Tte formula COa.-r’The densities of carbon dioxide and 
oxygen are 3 3 and 16 respectively, and It is seen that a volumes 
of carbon dioxide contain s volumes of oxygen. Therefore 
3 X 32=4.4 parts of carbon dioxide contain ax i6aii32 par^s of 
oxygen and (44~33)s>»i3 parts of carbon. Hence the formula 
of carbon dioxide is CO,. 

GAKBONIC ACID AND CARBONATES. 

Carbonic Acid, H,CO,, is fcnrmed when a solution of 
carbon dioxide in water is exposed to pressure for sometime 
[CO2 + HjO =s HjCOa]. Carbonic acid is a very unstable 
compound, being readily decomposed by heat into CO, and 
H,0. It has only feeble acid properties, changing blue 
litmus to a port>wine red colour. Carbonic acid is dibasic, 
{orming two'series of salts which are stable compounds. 

Carbonates are the salts of carbonic acid. They fall 
into two groups, viz., normal carbonates and acid carbonates 
(or bicarbonates). The forqier are produced when carbon 
dioxide is absorbed by hydroxides of metals, e. g .— 

CaH^O, + CO, - CaCO, + HjO. 

• 2NaOH + CO, Na,COs + H,0. 

2KOH + CO, = K,CO, + H,0. 

The latter are produced when carbon dioxide is used in 
excess, or when it is passed into aqueons solutions of normal 
carboifates, e. g.-^ 

CaHgO, + 2CO, 3>cCaH,(COs),. 1 Calcium bicarbonate or 
CaCOg+H,0 + CO, == CaH,(CO,),. / Acid calcium carbonate. 

NaOH + CO, — NaHCO,. \ Sodium bicarbonate or 
Na,CO, + H,0 + CO, ■■ aNaHCO,. / Acid sodium carbonate. 

Many normal carbonates are insoluble in water, while the 
corresponding bicarbonates are soluble. Thus, when carbon 
dioxide is passed into limewater (CaH,0,), the liquid be* 
comes turbid owing to the formation of chalk (CaCO,) 
which being insoluble is precipitated. But when more carbon 
dioxide is passed <4hrough the turbid solution, the liquid again 
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becomes clear owing to the fonhktton of bicarbonate of lime 
[CaH,(C 03 ),j which is kolubl^. Hence, it is sometimes 
said that calcium carbonate it ibtuble in eueets ^ cftrboiHc acid. 

I 

When a solution of calcium bicarbonate is heated it is decom* 
posed, and the water becomes once more turbid owing to-the 
predpitalion' of the insoluble carbonate— 

CaH,(COs)« » CaCOj + H,0 + CO,. 

This fact is iliustrated in removing the temporary hardriess 
of water. Addition of fresh lime-water to the solution pro¬ 
duces almost the same result— 

CaHsfCO,), + CaH,0, = sCaCO, -b 2H,0. 

Carbonates are decomposed by acids with the liberation 
of carbon dioxide. 

CARBON MONOXIDE on CARBONIC OXIDE. 

Fobmula CO. Motjscolar Wbioht 28. Dbnsity 14. 

Occurrencb.—This ' gas is not found in the free state in 
nature, but is produced when carbon bums in an insufficient 
supply of oxygen. 

PropaPStion.—The methods of preparation are these : 

{i) By heating oxalic or formic acid with strong sulphuric 
acid. In the laboratory, oxalic acid (C,H[,0^) or formic aciu' 
(CH,0,) is heated with strong sulphuric’acid in a flask [Fig. 
14) ; owing to its great affinity for water, H,SO^ decomposes 
the organic compounds by withdrawing water from them— 

C,H,04 + H,SO* * (HaSO* + H,0) 4- CO, -i- CO. 

CH,Oa + H»SO* - (H.SO* + H,0) + CO. 

In the first case, in which a mixture of CO, and CO is 
evolved, the mixed gases are passed through a wash-bottle 
containing a solution of caustic soda or caustic potash whiefa 
absorbs CO,. Thus CO is set free and is collected by dis¬ 
placement of water. 

In the latter case, sodium formate (NaCHO,) may be 
used instead of formic acid. 
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{is) By htaiing a mixture ef pvtMtiim ftrrv€y<Hmdt emi 
(oncentrated sulphurk eeid~— 

K*Fet«Na + 6 H,S 04 + « 

aKgSO* + FeSO* + 3(NH4),S04 + ^O, 

(3) ^ passing carbon dioxide over red-hot eerbon or iron 
contained in a tube — 

CO, + C - 2CO; 1 4COa -f 3Fe - FejO* + 4CO. 

(4) By strongly heating carbon or iron vnth chalk-— 

CaCO, -I- C - CaO + 2CO. 

4CaC03 + 3Fe« Fej04+ 4CaO +4CO. 

(^) Bye passing steam over highly heeded carbon contained in 
a tube. By this means a mixture of hydrogen and carbon 

t 

monoxide is produced : this mixture of the two Inflammable 
gases being called mojUlLeai -T- 

HjO + C - H, + CO. 

* Properties: Physical- —Carbon monoxide is a colour¬ 
less, tasteless, and almost inodorous gas. It is very slightly 
soluble in water, and can be liquefied only with great difficulty. 
It is extremel y pois ono us, causing giddiness, insensibility, and 
death when inhaled. Hence the great necessity of keeping 

our Tollms well ventilated when there is fire burning within. 
f *■ 

Chemical. —(i) It is indammable, and burns with a 
peculiar lambent blue flame, forming carbon dioxide. 

2CO O4 • 2CO4. 

(f) At higb temperatures, carbon monoxide acts as a good 
reducing agent. Thus when the gas is passed through red- 
hot copper oxide, metallic copper and carbon dioxide are 
produced. [CuO<f COoCu + CO,]. Hence the use of car¬ 
bon monoxide in reducing the ores of metals. 

(3) When a mixture of carj^n monoxide and chlorine is 
exposed to sunligttt, carbonyl chloride (COClg), known as 
phosgene gex, is formed. 

(4) At a high temperature carbon monoxide unites with 
caustic potash to produce potassium formate (KCHO3). 
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Tests.--'(t) Carbon laoiioiBide bums with a pale blue flame 
forming COg which turns Itmewater milky. 

(2) It is separated mher gases by a solution of 

cuprous chloride which absorbs it. - 

Composition. —When a moist mixture of nearly equal 
volumes of carbon monStide and Oxygen is introduced in a 
eudiometer and exploded, we get a mixture of carbon dioxide 
and oxygen. On absorbing the carbon dioxide with caustic 
soda or potash, and measuring the volume of the residual 
oxygen under the same temperature and pressure, it is found 
that 100 volumes of carbon monoxide unite with 50 volumes 
of oxygen to form 100 volumes of carbon dioxide. ' But as 100 
volumes of carbon dioxide contain 100 volumes of oxygen, the 
remaining 50 volumes of oxygen must have been contained in 
100 volumes of carbon monoxid^ That is, carbon monoxide 
contains Half itsj)olume 0/ Qjcjigfn. 

2CO + Og = 2COg. 

4 vols. 2 vols. 4 vols. 

Its formula.—The densities of carbon monoxide and oxygen 
being 14 and 16 respectively, it follows that 2xi4»a8 parts 
of carbon monoxide contain i x 16 »16 parts of oxygen and 
(a8>-i6)aia parts of carbon. Hence, the formula of carbon 
monoxide is CO. 

Unirersity Exauioation Qaestions. 

V I. 

1. Write an account of the substance Carbon dioxide f A. 93I. 
Write an essay on ‘carbonic acid gas' giving ail and any informa¬ 
tion you have derived from your own experiments in the laboratory 
[C. 09]. 

2. Describe the method of preparing and collecting carbon 
dioxide, and sketch the apparatus you would use for the purpose 
[C. 98]. Describe two methods of preparing carbon dioxide 
[C. 93; A. 14)- 

A^hat votome of gas is produced by the action of a gram of 
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hydrochloric acid gas Upon %TBms of marble, if the gas is 
measured at 136^ C. and 380, mm. pressure? {A. 06]. 

What wdight of calcium carbonate must be decomposed by 
hydrochloric acid to produce a quantity of carbon dioxide that 
will suffice for the conversion of 30 grammes of caustic soda into 
sodium carbonate ? (Ca»4o, Na«»23). [C 03]. 

3. You are given a number of cylinders of carbon dioxide 
gas. Describe the experiments you would perform to illustrate 
the chief chemical and physical properties of the gas. (C*i9i5]« 
Describe, with due attention to practical details, experiments with 
carbon dioxide to show (a) its density, 0 ) its solubility in water, 
W its actionem limewater. [C. 1910]. Describe experiments prov¬ 
ing that carbon dioxide is heavier than the same vohtme of air. 
How would you show that water is able to dissolve CO2 ? [C. 05]. 

4, Give full instructions for performing the experiment by 
which it could be demonstrated that carbon dioxide contains its 

i, 

flwn volume of oxygen. [A. 14]. How would you prove that CO# 
is the formula for carbon dioxide ? [C. 99 ; A. 03.] 


U. 

I. How would you prepare a few cylinders of carbon monoxide 
gas ? Sketch the apparatus you would employ. What experiments 
wquld you •make to illustrate the principal properties of the gas ? 
[C. 1913 ; A. 95]. 

Describe the method of preparation of carbon monoxide from 
carbon dioxide and carbon. What volume of carbon monoxide can 
be obtained theoretically from 100 litres of carbon dioxide, both 
measured under standard conditions of temperature and pressure ? 
iC. 01.] 

How does water-gas differ from steam ? [C. 98]. 

2. State bow you would distinguish physically aud chemically 
between carbon dioxide and carbon monoxide [C. 93.] 

How would you separate CO from COg in a mixture of 
the two gases i One litre of such a gas-mixture is found to give 
1600 c.c. , of CQj both measured under the same conditions. 
CUculate the composition by volume of the gas-mixture. [C. 14], - 
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‘^rSTDROCARBONS. " , 

Hydrocarbons are the compounds of carbon with hydrogen. 
Their number is exceedingly large, and they form what is 
called a homologous series, the consecutive members differing 
from each other by CH,. Hydrocarbons form the study of 
Organic Chemistry; but three compounds, SIS., CH^, 
and are the representatives of three homologous series, 

and being the more important are treated of in Inorganic 
Chemistry. The hydrocarbons are not chemically active ; all 
of them bum in air, and when passed through a white-hot tube 
they split up into hydrogen and other hydrocarbons. 

\/MARSH GAS ob METHANE. 

(Light Carburetted Hydrogen.} 

FOBUUL4 CH 4 . Moleculab Weiokt 16. Dbnsitv 8 . 

Occarrence. —It is formed by the decomposition of vege¬ 
table matter («. g. leaves of plants ) in absence of air, and is 
therefore found in the free state in marshes (whence the name 
of the gas) and in the bottom of stagnant ponds. It als^occurs 
largely in coal mines and oil pits, and is contained^in coal-gas, 
petroleum, &c. 

' Preparation. —Marsh gas is prepared by strongly heating 
a mixture of sodium acetate and caustic soda. In the labora¬ 
tory, dried sodium acetate (NaC^H^O,) is mixed with an Excess 
of soda-lime, and the mixture is strongly heated in an iron tube 
or a copper retort. The gas is collected over water (Fig. 14). 

NaCjHaO, -h NaOH - Na,CO« -h CH*. 

[Soda-lime is quicklime slaked with a solution of caustic 
soda. As strong heat is required for the above reaction, 
<luickKme is added to prevent the mixture from fusing]. ^ 

Proporties: Physioa /.—Marsh gas is colourless, tasteless 
and in^orous. It is half as light as air and is ve^ slightly 

m 

•soluble in water. 
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Cfiemieat.—-lf it MgAh' iumt wi/k a 

Hon-luminous pale flame. A mixture tf marth gas and air (or 
oxygen) explodes violently on ignition. These explosions being 
frequent in coal mines, pit-men call the gas ^fire-damp’. The 
result of its combustion or explosion is carbon dioxide < nod 
water— 

CH^ + sOj "jsHjO + COg. 

This resulting CO, is» by virtue of its suffocating property, 
called by miners ‘choke«damp’ or ‘after-dlmp.’ 

' Marsh gas is decomposed bv chlorine. When a mixture of 
chlorine and marsh gas is exposed to bright sunshine, clouds 
of hydrochloric acid are formed and carbon is deposited on 
the sides of the vessel— 

• CH, + aCI, = 4HCI + C. 

But usually chlorine acts on marsh gas to produce hydro¬ 
chloric acid and a series of carbon compounds (the nature of 
jrhich depends on the quantity of chlorine used). 

Tests — See chemical properties above. 

' Composition. —A known volume (say, 2 volumes) of marsh 
gas and thrice as much oxygen are introduced in a eudiometer, 
and the mixture is exploded. On absorbing the residual 
carbon 'dioxide with caustic potash, we find that 2 volumes 
of marsh gas require 4 volumes of oxygen to produce a volu¬ 
mes of carbon dioxide. Out of these 4 volumes of oxygen, 
2 volumes go to form the carbon dioxide, and the remaining 
2 voli^es must unite with 4 volumes of hydrogen to form 
water. These 4 volumes of hydrogen must therefore be 
contained in 2 volumes of marsh gas. 

CH, + 2O2 = 2H2O + CO, 

2 vols. 4 vols. 2 vols. 

Now, as the densities of marsh gas and hydrogen are 8 and 
1 respectively, 16 parts of marsh gas contain 3 parts of hydro¬ 
gen and (16-4) ■> 12 parts of 'carbon. Hence its formula 
isCH*. 

t' * # 

[ The composition of ethylene and of acetyhm may he ieter^ 
•mined by similar methods']. 
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BTH7USNB » OLEFIANT GAS. 

(Heavy Ourbuf'etted Hydrogen). 

' i 

_ * * 

Fobmuia C«H«. MobKOiruR WsiaHT 28 . Dxhsett lA 

Oomtireact.'^Ethylen^ occurs in coal-gas, the luminosity 
of which is due chiefly to its presence. « 

Preparation. —It is prepared by heating in a flask a mix« 
ture of alcohol (C^Hi^O) and strong sulphuric acid. [A quan¬ 
tity of sand is thrown into the flask to prevent the liquid froth¬ 
ing up. The acid abstracts the elements of water from alcohol^ 
and ethylene is liberated. The gas is purified by being passed 
through a solution of caustic soda, and is then (Tollected by 
displacement of water. 

CaHjO + HjSO* = HsSO* + H ,0 + CgH*. 

Or, CjHaO - HjO = CjH*. 

Properties : Physical. —Ethylene is a colourless gas hav¬ 
ing a sweetish ethereal smell. It is almost as heavy as air. 

Chemical.— Eihjfltne burns with a highly luminous smoky 
flame. I/s mixture with air or oxygen explodes violaktly on 
ignition. The product of combustion and explosion is carbon 
dioxide and water— 

CsH^ + 30j - 2HO2 + 2CO,. 

Ethylene combines with an equal volume of chlorine to 
form an oily liquid (C,H4C1,), called ethylene dichloride or 
Hutch liquid ; hence the name ‘olefiant gas.’ When, however, 
ethylene is mixed with twice its volume of chlorine and the 
' mixture is ignited, ethylene is decomposed— 

CjH* -t- 2CI, - 4HCI + zC. 

Ethylene is absorbed by strong sulphuric acid. 

Tests. —See above. 

I 

ACETYLENE. 

FoBMimA CiH^. MoLBCuf.AB Weight 26 . Dbnsitt 13 . 

OoramiMe.—Acetylene occurs in small quantities in 
coal-gas. It is formed when coal-gas or methane burns in a. 
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limited st^ply of oxygeo, when a Bunsen humer bums 
at the base of the tpbe. 

Ppeparatien.— (0 it is prepared by the action of water 
on ^Idum taitiide : 

CaOj aHjO • OaFf^Og ^ OjH^» 

(s) The gas may be synthetically prepared by passing 
an electric current through two carbon electrodes enclosed 
in a glass globe filled with hydrogen. 

Properties : Phgiioal. —It la a colourless gas having a 
disagreeable smell. It i$ more soluble in water than either 
> methane or ethylene. 

• > t 

GhemiouL—li burnt with a bright but tmo^ky luminout 
fiamtt forming carbon dioxide and water: 

• 2C2H2 + 5O2 • 2 HjO + 4CO2. 

When it is passed into an ammoniacal soluticm of cuprous 
chloride, a red precipitate .(known as copper acetylene) is 
eormed. Nascent hydrogen converts acetylene into ethylene. 

Test. —See above. 

Uses. —Acetylene is used as an illuminant. 

COAL GAS. 

N » 

* Coal-gas is a mixture of many compound substances, 
produced by the destructive distillation of coal. When coal 
is heated without contact of air, it yields (a) coke and (d) 
three volatile products, viz., (i) xoal tar, (a) ammoniacal 
liquor.^ and (3) coal-gas. For the manufacture of coal-gas, 
bituminous coal is strongly heated in iron retorts : the volatile 
products being conducted through condensers and |anks, the 
tarry matter and ammoniacal watery liquid remain behind 
and coal-gas passes off. Before being collected over water 
in a gas-holder, the gas is led into purifying chambers where 
it slowly passes over slaked lime (CaHiOs) spread on trays, 
and is thus freed from such impurities as carbon dioxide 
jatid sulphuretted hydrogen : 

CaHjO, + CO, • CaCO, + H, 0 . 

CaH.O, + 2H,S - CaH,S, + 2HJO 
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Coat'gftft consist# -is^ral gases which fall into three 
groups, viz., llluminants, Diluents, and Impurities. The Ulii*. 
minants are hydnM^rbons which impart light to the. coal*gas 
flame, and the Diluents give out beat when burnt and dilute 
down the hydrocarbons whidi would otherwise bum with too 
smoky a flame. The average amounts of the constituents in 
foo volumes ot coal-gas arcwthe following : * 

2 >t 7 ««s/r.— Hydrogen, Marabgssj Carbon monoxide...9i4»er cent. 

Ethylene, Ac^ylene, Benzene, &c. ... 5 ,> ,, 
Impio^ies. —Nitrt^en, Carbon disulphide, &c. ... 4 „ „ 

University Examination Questions. 

I. 

1. What is Methane and where does it occur in nature ? How 
is it ordinarily prepared in the class ? Describe its properties [C. 
08; A, 15], and justify its formula [C. o8.] How would you dis¬ 
tinguish it from the other hydrocarbons known to you ? [A. 15]. 

2. How is Methane prepared in the laboratory ? Give an 
account of the experiments you would perform to demonstrate 
three of its important properties. [C» 14]. 

5. How may marsh gas be prepared ? [A. 09^ I2l« You often 
hear of explosions taking place in coal-mines. What is this due 
to? Are they preventibfe, and how? (C. 1911]. Describe fully 
how you would determine the composition and molecular formula 
of marsh gas [C.'^ 1912 ; A, 02^ 12]. ^ 

4. 25 cc. of Marsh gas at N. T. P« are mixed with 300 c.c. 
of air at 27^ C* and 7S^ pressure, and the mixture is es^loded 
by electric sparks. Find the volume of the residual gas at ^7** C. 
and 750 mm. Air contains 20% of oxygen and 80% of nitrogen (by 
volume)* ‘[C. 1916]. 

II. 

Describe fully the preparation and properties of ethylene gas 
[C. 04, 06 ; A. 04, !3]. Explain bow you would distinguish it C^om 
marsh gas [C. 06].* 

III. 

f ^ 

I. *How is acetyleiM gas prepared ? Give equations. Describe 
ts properties,.:and.give its tests.and asps. .|C. 19163^ 
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..'3. 13i»ctiibe tbe preparation aad properti«k of aeet^ene gas 
(A. oi}. Deeciibe the preparation of etbylene and acetytenb. How 
would you dtstingutsb between the two gases [A. iQit]. 

3. j^colate tltp weight of CO j produced by tbe complete- 
combustion of 15 litres of Acetylene [A. 09]. 

< i • 

IV* , . 

How is coat>gas prepnred and purified ? Give equations to show 
the reactions involved in the ponficatton [A* 1912] 


CHAPTER XXIII. 

4 

THE SaLOOENS and THEIB COMPOUNDS/ 

Tbs HalOgfens —The four elements Fluorine, Chlorine, 
Bromine, and Iodine constitute a group known as the halogens. 
These elements (and their coDitpounds) have strong resem.* 

I 

•blances among themselves, and they exhibit a gradation in 
their properties with increasing atomic weight. They -may be- 
compared as follows. 

Their Phyeicai Features. —(i) The atomic weights of 
Fluorine, Chlorine, Bromine, and Iodine are respectively 19, 
35*5, 80, and 137. 

(3) The first two are gases at ordinary temperatures, 
bromine is a liquid, and iodine is a solid. Their volatility 
decreases as we pass from fluorine to iodine. 

(3d In their colour fluorine is pale yellow, chlorine is 
greenish yellow, bromine is reddish brown, and iqdine is 
violet'black. 

(4) All of them have characteristic pungent odours. 

Their 6hemhat Features^ —(1) They combine with hydro¬ 
gen alone to ffirnt colonrhtss faming acids. 

(3) They combine with metals to produce similar salts; 
owing to the resemblance of their sodium and potassium salts 
* with sed^dt the name halogen • ( *eaU»pcodticer') has .been 
‘^uea to thca. 



mosGA/m: cmemuth v. 


(3) In tbeir untoa vkb hjrdFogsa and mtials, the balogsns 
are monovalent and their chemical activity decrmties as the 
atomic weight increases. Thus, in these compounds* chlorine 
displaces both bromitte imd iodine, and bromine di^>laces 
iodine, but not race versa. 

(4) Their affinity for oxygen, on the other hand, increases 
with the increase of atomic weight. Thus, the oxygen com¬ 
pounds of iodine are the most stable, mid io&ne displaces the 
-other halogens from their oxygen compounds. 


Section .1, 

Chlorine and its Oompoandp. 

CaLORlNE. 

Atomic Wbioht 35'5. UsirsiTr 35*5. Mor.EGUi.aa Fobmula Cl,. 

OcCUrrOQOB.—Chlorine does not occur in the free state in 
nature, but is largely found in combinadon with metals special¬ 
ly as sodium chloride or common salt. 

Preparation. —in the laboratory the gas is prepared 
by either of the following two methods ; 

(n) Small lumps of manganese dioxide and strong hydro¬ 
chloric acid are gently heat¬ 
ed in a flask : the chlorine 
gas which is evolved is 
purified and dried by being 
passed through two wash- 
bottles containing water 
and sulphuric acid respec¬ 
tively, and is collected in a 
jar by downward displace- 
mernofair. ^ 

MnOa + 4 HCI - MnClj + 2H,0 + Cl*. 

(b) A. ^xture of common .«dt, mangaaeso dio «i d e, and 
sulphuric acid is heated in a flask, and the evolaed gas is col- 




tected «» above de8<sribed4 Tbo seaetioa magr he fa^KeMOd in 


two : \ •, ' . .., , >, 

2NsCl'^a{i4S04*l'.M.nOa« Na^SO^ ' + MDS04<^aH^0+Cl4. 

“aN.aHSO^ •t;,Mn^ 0 ^ 4 * 3 Hy 0 « 4 'CI^ 
a. Chlorine is also evolved when hjrdrochloric acid, i? 
acted upon by such oxidizing agents as lead dioxide, potassium 
bichromate, potassium permanganate, and pitric acid. 

y Chlorine is produced by the action of an acid on 
bleaphing-powder (C^OCl,);. 

CaOCl, + H,SO* = CaSO* + ir ,0 + Cl,. 

^ CaOCl, + 2HCI - CaCl, 4- H ,0 + Cl,. 

4. Chlp^ne is also obtained by the electrolysis of hydro¬ 
chloric acid Or of a solution of <mmmon salt 

, 2HCI - H, + Cl,. I zNaCi - sNa + Cl,. 
Manufacture.—Chlorine is prepared for commercial 
purposes by the folfowing methods : 

Weldon's process.—In this process chlorine Is first prepared 
from manganese dioxide and hydrochloric acid, and the 
residual manganese chloride is treated with slaked lime and 
air, with the formation of a compound (called Weldon’s mad) 
which acts on hydrochloric add liberating chlorine again. 

• 08300 ( 1*8 process.-~ln this method air and hydrochloric acid 
are passed over heated bricks satnrated with a solution 
copper sulphate (which serves as a Catalyror). This results 
in the decomposition of hydrochloric acid, chlorine being 
set free— 

• 4HCI 4r O, - xH ,0 + 2CI,. 

Eieetrolytie process.—See preparation of sodiitm and caustic 


Chap. XXVUI. 

Properties: /’Ays/oa/.—Chlorine is a gas of .a greenis^ 
yellow colour, as its. name implies. It has a peculiar pungent 
suffocating odour and it ia poisonous to inhale; benin, aU 
•experiments wHh caprine am perforn^ in the open air pr. in 
a *i|}iniight chamber.' . Chlorine is nearly s| .ti^a aa bea^ as 
mr,’ and ift. soluble kt imtirr <thc splatios ^fng •ttU^d chhriwt 


’’Sw/or). It pan, be easily 
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QhsthUittI‘ CMvHm itk^porfi tgmbmUm, Mi r 'tai^ 
combines with phosphorus and mony finely divided metatki 'Ufith 
the formation >ef iklofides.' Thus, si piecto <fi |^lfa^»llorai, 
powdex'ed alitfttibny, aiiS th!tl feaves o£ copper mhvn introduced 
into chlorine, at onCe take fire: and heated sodium burns 
brightly in it— 

P* + loQj - 4 «: 1 b. t ^b + SCI, -» eSbCI,. 

Cu + Ci, ■■ CaCi^. I aNa -f Cl, «a2NaCl. 

a. Chlorine has great attraction fitr hydrogen. It readily 
unites with free hydrogen arid abstracts it from many hydrocar* 
bons: thus— 

/ * 

(а) A mixture of hydrogen and chlorine explodes when 

exposed to bright sunlight, hydrochloric acid gas being formed. 

H, + Cl, - sHCl. 

( б ) A burning jet of hydrogen continues to burn in a 
jar of chlorine, and fumes of HCl are formed. 

(r) A lighted taper continues to burn when inserted in a 
jar of cldorine : HCl is formed, and the carbon of the taper 
produces, copious smoke. 

(d) , If a piece of filter-paper is moistened with turpentine 
{C,oH,,) and plunged into a jar of chlorine, the turpentine 
takes hre and clouds of HCl and soot (carbon) are evolved. 

C,oH,e + 8 C 1 , ^ | 6 HC 1 + loC.' 

,(r) Water is slowly decomposed by chlorine under. the 
Influence of sunlight. 

sH ,,0 4* aCl, «a 4HCi .d* O,. ^ 

3^ Chlorine bleaches'vegstahU colourist^ matters bn the 
presence of moisture or water. Thus, when a piece of red dodi 
Is pirtly moistened with water and- then:'placed ^ In a jar of 
tihlbtine, the nrdst portion is decolorised, while the dry portion 
tetnaiite uridtanged'. Similarly,! moist red flowers become 
tifhfte 'or cblbarlesaf when introduced into ddoi^. 

Cmbfine bfeteh^ vegetable colouring mafiws («.g. indigo, 
IHmite, e^agientsi Ink, Ac.|; but diy chlorine doew not 

attack dry coloured substahCee.^’. The' Meaddag action oh 
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chl^ine is due to the hict. that cblodne ^osqdkleM iddi the 
hydrogen of water, and the liberated oxygen <in its aaeeenl 
State) attacks the colouring matters. . For industrial uses, 
chlorine is kept In tbe form of SjhloFide of lime* (CaOCI«) 
known as ‘bleaching power.' (See Chap. }(lX^iX). \ 

4. CAUritu it a paiuoAh dmaftciittU. ^ck-rooms, drainsi. 
dec. are disinfected with a solution of bleaching powder. 
virtue of its affinity for hydrogen, chlorine decomposes bad* 
smelling gases. Fm: example^ the action of chlorine on sul« ■ 
phuretted hydrogen is to produce HCl and prempitato sulphur. 

sH,S + sCl, - sHCI + S,. 

5. When chlorine is passed through a cold solution of an 
alkali, we get a mixture of a chloride aatd a hypochlorite; but 
wheh it is passed through a warm and Strong alkali solution, a 
mixture of a chloride and a chlorate is produced. Thus— 

sKOH + Cl, - KCI -H KCIO + H.O. 

• 6KOH + jCl, » KCIQ,+ 5KCI + 3H,0. 

Tests.—(I) Chlorine is known by its characteristic colom’;; 
odour and bleaching properties. 

(2) Chlorine liberates iodine from potassium iodide ; hence 
iodised starch'paper is turned blue by chloitne^ 

2KI ^ Cl, - sKQ + 1,. 

Uses.'^Chlorine is used as a disinfectant and bleaching^ 
agent. (See above); 

' . . • 

SYDROCHLOEIC ACID oa BYDEOGtIilf CHLQRIDG;. 

(JliutiaMc Ac^, Bpvnt of 

« 

Fobhola HCl. Holboclas Wbioht S8*6. DfKsirr 18*25. 

•>j' 1: ‘ 

Oeeurranee.-^Hydrochloric acid gas is evolved, during 
vqlcanic eruptions. The salts of the acid occur pl^Ufully. 

Pre|fArAtioil.<*** <t) Hydrochloric aioid gas (1.4, hydrogen 
chioridey may be synthetically prepared fy ttcpotktg H iafHghi 
« mitetmrt cf ''kydrogtn mdtkimim. 'Whnn^ mhrikre ts h^ 
IfTthe dark, no action bdtes place; but if the idiixtare is mqmded ^ 
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to briffat suntdktAe or'is igaitod, the gtses M once cbtnbbie srith 
4n exf^os^on. : ‘ > 

H, + Cl, - sHCl. 

(i) In the laboratory; hydrochloric aehlgas Is prepared 

heating in a flask a nuaettire ^ camman snft and tulphnrk 
acid. [The apparatus employed is that used in the preparation 
of chlorine}. The evolved gas is dried by passing it through 
one or more wash'bottles containing sulphuric add, and is then 
collected over mercury or by downward displacement of air. 
The reaction takes place in two stages, a very high tempetature 
being required for the second reaction-^ 

NaCl + H,S 04 »NaHS 04 ^-HCl * 

NaCl + NaHSO*=Na,SO* + HCl 
sKaCl + H.SO^ *.Na,SO* + sHCl. 

Manufacture.— Hydrochloric acid (in aqueous solution) 
is obtained in large quantities in the above way. as a bye-pro¬ 
duct in the 'salt-cake process’ of alkali manufacture (See Chap.' 
XXVIII). The hydrochloric acid gas produced in the furnace 
is conveyed to condensing towers (filled with bricks or coke) 
where the gas is absorbed by a stream of water. 

Properties : Hydrogen chloride is a colour¬ 

less gas with a pungent choking smell. The gas can be lique- 

I 

fied' by pressure only, ft is extremely 'soluble in wa/ir ; hence 
it fumes in contact with moist air (the clouds being the solu¬ 
tion of HCI in the aqueous vapour of the air). The solubility 
of the gas may be illustrated, as in the case of ammonia, fiiy the 
Fountain Experiment. Its aqueous solution (prepared by 
bubbling the gas through water) is what. is generally called 
hydrochloric acid or muriatic acid. 

When a concentrated atjueous solution of the acid' Is heated 
it becomM more and more dilute until a mixture Ctmtaitring 
nearly so p.c. of the teal add distils Unchanged at f to^C; .'If, 
on the other band, wet distil a dilute soludon, it gradually loses 
wafer, until the coueentrAtion reaches so p. c. at the ^cQlltimttt ' 
bdliufifMd^ .110^. 



MyDmCnLO»IC'AE/IK 




■■ 6hemietd.—My&n^^ chloride docs loot Iku% nor done it 
«tij){>ort combostion. la the..gaseous oriUquefied .conditicnitit 
is BOt so active as in aqueous -solution. ■ 

The aqueous soiutton of hydrogen chloride is strongly acid 
in its properties; it dissolves many mettds, forming chloride 
uid liberating hydrogen. . {See Chlorides]. 

TostS*— (i) .Hydrochloric acid gai forms with ammonia 
dense whim fumes of ammoiuum chloride (HH^Cl). 

(a) Aqut/out hydrochloric acid (o) when heated with manga¬ 
nese dioxide produces chlorine, and 0) when added to silver 
nitrate produces a white curdy precipitate of silver chlorhle 

which is soluble in ammonia but not in nitric acid. 

AgNOa -r HCl = AgCl + HNO*. 

Oomposition. —The composition of hydrochloric acid may 
be proved both analytically and synthetically by a number of 
experiments amongst which the following are the chief : 

• Analytic Methods ; ( 1 ) Etectrolysis.—By electrolysis of 

hydrochloric acid we find it to consist of equal 
volumes of hydrogen and chlorine. The experiment 

is performed in ^ofmann’s apparatus which con- 

» 

sists of three glass tubes connected at the bottom : 
two of the tubes have stopcocks at the top and 
carbon electrodes at the lower ends; the bulb tube 
serves as the reservoir for the solution of hydro¬ 
chloric acid. 

On fiUi ng the apparatus with strong solution of 
hydrochloric acid and then passing an electric cur¬ 
rent, hydrogen is evolved, and chlorine which is 
also liberated is dissolved by the liquid. After 
Fig. 41. some time (when the liquid has become saturated 
with chlorine), hydrigen and chlorine are evolved in equal 
volumes-- the former from the negative and the latter from the 
positive electrode.’ [aHCl » H, + Cl,}. 

,..^(2) Actioa on SMtum Amalgam.—If we pass sodium amalgam 
{f.4., a Solution' of sodium in mercury) into a tube which con- 
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tailiB hydrochloric acid gas and stands over mmnryv' the 
sodium eombifles with chlorine, and die reddiial gas wkltdi ls 
found to be hydrogen occupies only half the volume of the 
original gas (both voinmet being measured at the same 
temperature and pressure^ This shows that hyirochloric acid 
gas contains hat/ its volumt of hydrogen, 

sHCl + sNa ss sNaCl + 

Synthetic Method,—A stout glass tube having stop- 
cocks at both ends is filled with a miautre of hydrogen and 
chlorine in equal volumes, and the gases made to ccunbine by 
exposing the tube to strong daylight or an electric spark. Oi^ 
opening a stopcock of the cool tube under mercury„no mercury 
rises in the tube, nor does any excess of gas escape. But on 
opening, the stopcock under water, the resultant hydrochloric 
acid dissolves in water which fills the tube completely. This 
shows that / volumt o/ hydrogen and t volume of chlorine 
combine to form 3 volumes of hydrochloric acid gas. 

H, + Cl, = sHCl. 

The Formula HCi.—Since a volumes of hydrochloric acid gas 
contain i volume of hydrogen and i volume of chlorine, and 
as the densities of the gases are i8'25, i, and 35*5 respectively, 
it follows that 36*5 parts of hydrochloric acid contain i part.of 
hydrogen and 35*5 parts of chlorine. These numbers corres¬ 
pond to the formula HCI for hyd rochloric acid. 

USOS*—Hydrochloric acid is employed for the manufacture 
of chlorine, sal-ammoniac, tin chloride, Ac. 

OhloridBS,—‘Chlorides are the compounds of chloride with 
elements other than oxygen. The salts of hydrochloric acid, 
f. e., chlorides, of metals, occur plentifully in nature. They are 
formed by the direct union of chlorine with a metal, or by tike 
action of hydrochloric acid on a metal, or its bxide, hydroxide, 
dr carbonate. For example— 

Cu -I- CI9 = CuCl*. 

Zn + sHCl ZnCli + H,. 

K ,0 + »HC 1 = aKCl -f H; 0 . 

NaOH + HCI NaCl + HgO. 

CaCO, + jHCI = Cka, + CO, + H, 0 . - 
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Most. metfliUc cMor^des evolw h|rdr(Kh]oi^p .aci4 when 
boated with sulixharic «pid, andigive cfi cjblorme <whe& hesA^^ 
with a peroxide. All soluble. c^lorides^ . added to # 
solutioa of silver. oUrate,. produce 4l wHtt curdjr precipitate of 
silver chloride (which is soluble io ammonia). 

OXIDES AND OXTAOIDS OF CHLORINE. 

\ 

[Chlorine unites iTith hydrogen to form HCl, and with 
nitrogen to form chloride#!' nitrogen (NCI,). It does not 
directly combine with oxygen, but is made to do so indirectly]. 

The following oxides and oXyacids of ’ Chlorine are known \ 
they form two series which illustrate the law of Multiple 
Proportions*: 

BfClO Hypoohlorotu aoiA 
HGiO, Cbloront acid (T) 

HCiO, Gblorio ooid. 

HCXO« Perohlorio acid. 


C 1,0 Chlorine monoxide or 
• Hypochlorous anh3rdride. 
CIO, Chlorine peroxide. 

ClaO, Perchloric anhydride. 


These compounds are itfore or less unstable bodies, and 
So cannot be preserved. Chlorous acid (HCIO,) has not been 
made j but Us salts (called chloriUs) are familiar. 


Chlorine Monoxide ( 01 , 0 ) and Hypochlorous 

Acid (HCIO). 

• ^ 

Chlorine monoxide is prepared by passing dry chloru^ 
over dry precipitated mercuric oxide— 

HgO + iCl, - HgClg + C 1 , 0 . 

V ^ 

It is a pale yellow gas with chlorine-like smell. When 
heaie<^ it decomposes with explosion. It dissolves in water 
forming hypochlorous acid— 

C 1,0 + H.O « sHClO. 

’ Hypochlorous acid has a yellowish colour and chlorous 
smell. It is very unstable, but is a powerful bleaching agent. 

Of the salts of this acid, called kjfpoehloritti^ bleaching 
powder (chloride of lime) is the most important. 

t 

f 

Chlorine Peroxide (OiO,). 

This gas is prqmred by gently beaHog pcNasMum cUknwie 
sftdi strong tttlpiraric scM-* 
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*iKCK>, + jH.SO* =s KCiO* + »K«S0* + H,0+*0K),. 
It is a deep yellow with ditOroos swell. Thw slightest beat 
light decofhposes it with Violent explo^on. It is a powetful 
ozidizittg agent: phosphoras burns in it^ntaneoaslf* 

b 

• ' t 1 * 

CHUtBto Acid (HC 10 «). 

» ‘ ‘ # I 

!t is prepared by the action of sulphuric acid on an 
aqueous soluUon of .bariMin chlon^—^ 

BalClO,), + H,SO* - Wb, + 2HCIO3, 

It has powerful oxidizing properties: wood, paper, Sec. are 
instantly charred and burnt by it. 

Its salts, called chlorates, of which potassium chlorate 
is the chief, are more-stable than the acid. They are soluble 
in water and yield oxygen when heated. •' 

Pbbghlobic Acid (HCO4). 

This acid is prepared by the action of strong sulphuric 
acid on dry potassium perchlorate— 

2KCIO* + H.SO* = K.SO* + zHCIO^. 

It is a clear fuming liquid, and is a very strong oxidizing 
agent. It is highly explosive. and decomposes even in the 
dark. It produces a hissing sound when dropped into water, 
for which it Mas great affinity. ^ 

The salts of this acid, called perchlorates, are soluble in 
water, and evolve oxygen when heated* 

Uniyenity KzBmin&tion Questions. « 

1. What are the leading members of the chlorine family ? 
Mention all the properties you know of that are common to the 
group. What relation is found to hold between their atomic 
weights and the other properties femnd in a different degree in 
each ?,£A. 93.] 

Chlorine, bromine, and. iodine are faid to be members of a 
family of elements. Compare the properties of these elements 
and of their compounds that you have studied, and hence prove 
die correoness <0f the above sutement [C. tpii; A. 1913.I 

Compare chlorine, bromine and ibdiae^ statiag die.points"oF' 



resemManee and diflerence [A. 96]. Name Ihe halogens ; widte 
down carefully the properties of each [A. 03]. 

2. Mention the formulm of the variods oxyacids of each of the 
Halogens [A. 07]. 

1 

I 

1. Haw wdtild you prepate chlorine ? Sketch the apparatus^ 
you would use and write the equation representing the chemical 
action taking place [C. 94y 98, 07,1916 ; A. 95; 1^900^ 04.07.] 

How many grammes of chlorine would you prepare from loo* 
grammes of sal-ammoniac ? [A. 95], 

2. G ivc the important physical and chemical properties of 
chlorine [Q. 94, 07, 1900, 13, 16; A. 95, 1900, 04, 07]. Explain its 
action as a bleaching agent [A. 04]. What are its uses ? [A. 07}- 

^What chemical changes occur when chlorine is passed {^) 
into cold dilute caustic potash, (d) into hot caust'c potash, (c) over 
phosphorus, (d) into slaked lime ? [A. 05]. What would happen if 
you pass chlorine gas through (o) solution of ammonia, {i) slaked 
* lime, (c) sulphuretted hydrogen ? [C, 1916]. 

34 Mention the chief compounds of chlorine with hydrogen 
and oxygen, giving their various chemical formulae [C, 94 ; A. 94]* 

4. Describe carefully, making a sketch of the apparatus, 
how you would prepare and collect hydrochloric acid gas [C. 96, 
61, 19I1, 15 ; A. 19C0]. Slate its principal properties [C. 96] and 
uses [C* 19*1]. 

What quantity of common salt would be requited for the 
production of 50 grams of hydrochloric acid ? [C, 96]* 

i4o grams of common salt are decomposed by sulphuric 
acid? What is the volume of Hydrochloric Acid gas produced 
at 15* C. and 740 rom. pressure,— if NaHSO^ is the residue 
left in the retort ? [A, 07], 

5, What is the actioi of hydrochloric acid on (a) zinc, carbon, 
manganese dioxide, calcium carbonate, caustic soda [C. 991 > 
(i) copper oxide, manganese dioxide, caustic soda ? [A. 08]. 

How can chlorine be distinguished from hydrochloric acid gas ? 
[C. 98]. How would you distinguish hydrochloric acid gas from 

. SO,- [C96 ,Oi]. 

What experiments would you make to shbw the difference in 
“'^operties bitftween a mixture of equal volumes of hydrogen and 
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cMorine and the fMOftid hy the chemical ^nion ol, thet a 

two gases ? (C. 1912^ 

6. How would you determine the composition of hydrochloric 
-acid gas ? [C. 03,05 ; A. 02, 08]. Describe the means by which 
you would ascertain its formula [A. 1900, 01 ]. 

7. Write down the chemical formulae for hydrochloric, [sul* 
phurous, sidphuricj chlorous and chloric acids. What names are 
given to the salts produced when a base is acted on by the aheve 
acids ? Give examples. (A. 93]. 

Section II. 

Bromine and its Compounds. 

BROMINE. 

Atomic Wsioht 80. Vapoub DsNaiTY 80. 

Molkculab F0BHITI.A Br.. 

■ r 

OcCUrrencB.'—Bromine is found in combination (with 
potassium, sodium, and magnesium) in sea-water, mineral 
waters, and salt deposits. 

Preparation. —(t) In the laboratory, bromine is prepared 
by heating in a retort a mixture of potassium bromide, manga¬ 
nese dioxide, and sulphuric acid. (Compare the preparation 
of chlorine). The apparatus used for the preparation of nitric 
acid is employed in this case, and liquid bromine distil^ over. 
The reaction is expressed in two ways— 
aKBr + 3H,S0* + Mn 0 ,= 2 KHS 04 +MnS 04 + 3H,0 + Br,. 
2 KBr-f 2 H,SO* + MnOj « K,S 04 + MnSO*+ aH,0+Br^. 

( 3 ) Bromine may also be prepared by passing chlorine 
through a solution of potassium or .magnesium bromide : * 

2KBr4*CI,=s3KCl-f Bfj. | MgBr^ eClassMgCli + Br,. 

Manufacture.—Bromine is manufactured chiefly from 
crude rar»B//i/e (KOI, MgCla, AHiO*) obtained at Stassfurt 
(in Germany). This salt contains small quantities of mag¬ 
nesium bromide. Potassium chloride is first separated; the 
hot mother-liquor (called bitltru) is then made to trickle down 
over round stones In a tower, where it meets an ascending; 
stream of chlorine. Bromine is thus liberated (see the last 
equation above}i and its vapour is condensed in a worn. 
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P]H>p6Ftl6S: Physica/, —Bromine is n, 
brown liquid. [It is tim only non-metallic element that Is liquiid 
at ordinary temperatures]. It is poisonous and has a more 
irritating Smell than that of chlorine: hence the Miame 
‘bromine,’ signifying stench. It' is volatile and gives ; off 
brown vapours. It dissolves in water loTfiing a red solution 
•called bromine wai<r. 

6fiemieoi.^Bromine resembles, btit is less aetise than^ 
chlorine. It is nonMnflammable and a non>suppocter of com^ 
bustion. But a jet of burning hydrogen continues to burn in 
bromine vapour (forming hydrogen bromide), and phosphorus 
unites with it as with chlorine. Bromine has gqt. moderate 
bleaching properties. 

Tests. —(i) Bromine is recognised by its colour and odour« 

(s) It produces a yellow colour in contact with starch. 

(3) When bromine-water iS shaken with a little ether or 
carbon disulphide, bromine is dissolved and a brown layer is 
formed in the water. 

US€S.'*-Bromine is chiefly used in the manufacture of anf-^ 
line dyes and in the preparation of. potassium bromide which 
is employed in medicine and in photography. 


HY^ROBROMIC ACID on HYDROGEN BROMIDE. 
Fokmdla HBiT. Holbculab Weight 81. DENfSiTV 40*5. 

Preparation.—(t) This acid is prepared by adding bro> 

mine to*a mixture of red (amorphous) phos|- 
phorus and water. Red phosphorus and 
water are placed in a flask which is fur- 

t 

nished with a topping funnel and a deli¬ 
very tube leading through a U'-tube con¬ 
taining also phosphorus. On bromine being 
allowed to drop from the stoppered funnel 
into the flask, hydrobromic acid is evolved. 
Fig. 42. The gas is freed from bromine vapcuiF tqi 
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its i^assage through the phosphorus cosulned In the U«tube 
and is collected by dowo#at^ ‘displacement. 

P+4HgO+5Br =a HgPOt + sHfir. 

(s) In aqueous solution the acid is fmined by pasnngp 
Sttlphoretted hydrogen thtoug'h bromine-water :• 

B'r|‘4*H|$ s: 3 HBr 4 ’S> 

PpopsPtiBS.—Hydrogen bromide resembles hydrogen 
cUoride )n its properties, it is a colourless fuming gas with a 
pungent smell. It dimolves in water to- form the aqueous acid 
and is decomposed by chlorine with the liberation of bromine ; 

sHBr 1- Cl, = sHCl + Br,. 

Bromides —The salts of hydrobromic acid, t. metallic 
bromides, are similarly decomposed by chlorine. When heat¬ 
ed with sulphuric acid they produce a mixture of hydrobromic 
acid and free bromine: 

sKBr -I- aH,SOi « aKHSO, + aH8r ) 
aHBr + HjSO, «=» SO, ■+ aH ,0 + Br,.) 

On the addition of silver, nitrate (AgNO,) to a solution of 
a bromide, a yellowish white precipitate of silver bromide is 
formed, which is only sparingly soluble in ammonia. 

OXYaCIIXJ OF BROMINE. 

No oxides of bromine are known. There are two oxyacids, 
a»., hydrobromous acid (HBiO) and bromic acid (HBrO«). 
These acids resemble respectively hydrochlorous acid and 
chloric acid in their properties. They are also' prepared by 
the same methods, bromine and barium bromate being respec¬ 
tively used instead of chlorine and barium chlorate— 

HgO + H ,0 + sBr, - HgBr, + aHBrO. 
Ba(BrO,), + HjSO, = BaSO, + sHBrOj. 

Salts of bromic acid, called bromates, resemble chlorates, 

Uniyersity Examination Qnestions {mtid). 

\ 

II . - ' " - 

I. How may J}tbmine be prepared ? What are its pbysicsiV, 
and chemical properties? [A.'09]. 
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CXescHbe the <coiDinerctal soances and |)reparatioo of ^bromine. 
How is it chemically purified, an j what aiie its uses ? [A. 1915J. 

2. Write down carefully all the properties of bromine and 
describe the preparation of hydrobromic acid. Sk^fa the appara* 
tus you would use [A. 01]. 

3. How does chibrine differ from bromine in chemical and 

physical properties ? What is the'action of each on dilate and 
cold solution of caustic soda and on solution of potassium iodide ? 
Give equations. [C. 02]. : 


Section III. 

Iodine and its Ooznpotinds. 

IODINE. 

Atouio WaioHT 127. 'Vapour Dattsnrr 127 . 

U0UCD1.AB FomanLA I«. 

OOGllPTCniOB.—Iodine is found in combination with sodium, 
-‘potassium, &c. in sea-weeds and in crude Chili saltpetre 
(called eatiche). 

PFeparation. I ) It is prepared by heating: in a retort 

potassium iodide or sodium iodide with manganese dimdde and 
sulphuric acid. Violet vapours of iodine are given off : these 
distil over and condense as dark grey crystals. 
sKI -K sHgSO* MnOj ■■ KgSO^ +MBS 04 -f> 2 Hj 0 ' 4 "If 
aNaI-i- 3 H,S 0 ^+Mn 0 as=»NaHS 04 + MnS 04 +sH ,0 I,. 
[Compare the preparation- of chlorine and of bromine]. • 

(sf Iodine is also liberated when either chlorinA br bro- 
^ mine is passed through potassium iodide: 

sKI + Cl.ssKCI + I,. 1 sKI + Ifr.-sKBr - 1 - I,. 

M anufacture: (i) From. Ssa-wseds.-r^Tbti following are 
briefly the steps involved : (i) Sea-weeds are dried, and .bqrnt, 
whereby asb named htljy is obtained ; (3) the kelp Is lixi* 
vated' with water, which separates all soluble salts from the 
charcoal, and on evaporation throws down the less soluble salts ; 
su^nWiC nc^d is. qext.. added, to the. concentrmed liquid, 
mflfdittr is precipitated from stdplndes, Ac.,; (4^ on 
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be«^g th« tnoUwT'llquor (iwhldi liow contatnv iodidei; bro¬ 
mide^ Ac.) whh itianganese (fioixide, iodiAe vaporizes and fs 
condensed In ^tial eanhenvrare jars catl^d aluith. 

(ii) From Calidie.—Iodine is present in caliche as sodium 

iodate. Alter removal of sodium nitrate from caliche, the 

% 

mplher>Uquor is treated with sodium bisulphite, whereby iodine 
is 'precipitti^ed as a black solid which, is then subhmed. 

Properties *■ Physical. —Iodine is a greyish black crystal¬ 
line solid. When heated it easily melts and boils, yielding 
violet vapours (whence -the name ‘iodine’) which smelt like 
dilute chlorine. Iodine is poisonous and stains the skin. It 
dissolves slightly in water, but readily in an aquedus solution 
of potassium iodide and in ether, alcohol, &c. 

Chemical. —Iodine is less active than chlorine and broniine, 
either of which displaces iodine from an iodide (see above). It 
has very feeble bleaching properties. It does not burn and does 
not support combustion; but it unites with many metals • 
forming iodides, and readily ignites phosphorus. It forms a 
blue compound with starch. 

TiSt*—A solution of starch is turned blue by free iodine. 
[When a solution of potassium iodide alone is added to startth 
paste, there is no change of colour. But with the addition of 
a little chlorine-water or bromine-water, a bltre ct^our is at once 
produced, owing to the liberation of free iodine]. 

UsbSk*—Iodine is principally used in medicine, aod in the 
preparation of dyeing colours. Potassium iodide is empkx/ed in 
photography. 

BYDBIOI^SO ACm on HYDEOOEK lOMPE. 

f 

FoBHtTLa H£. McHjRTtrLan Wbiuht 128. Daasisr 64. - 

pPBpEFatibn.^—This acid is prepared in the same wiy ak 
hydrobromic acid,, iodine being substituted for bromine. The 
reactions,are exactly similar. ’ ’ 

' Note.— Hydrochloric acid isemsily prefiared by the action of. 
H'aSO^ updn' a chlOride. But aXtlM affinity of hydrogetl fair Iwb* 
mihe o# iodine is less thaci'its affinitj^ ftjr chlorine bydrobrnmiC'aiiA' 
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hydricxSc acids jcanttoc .b»^. pra^rad ;1»)r tlia adtioa of upon 

a bromide and an iodide respectively. Thus, when H^SO^ is 
added to potassium bromide or iodide, bydrobromic or hydric^ic 
acid is at first formed ; but part of it immediately reduces H^SD^ 
with the liberation of sulphur dioxide and free bromine or ipdine, 
H,SOs + aHBr m afl,6 + SO, +Br,. 
lilgSO^ "t* sHl .sz aHjO 4 ' SO, 4* I,« 
PropSFtiOS*—Hydriodic acid reseaUes HCl and ElBr in 

its properties. But it is very unstable: even an aqueous aolu- 

\ 

don of it decomposes by contact with air. 

4HI + O, -sH.O + 2I,. 

lodlidd^—Hydriodic acid and it's salts (iodides) liberate 
iodine on the addition of chlorine or bromine. When siltier 

* t 

I V 

nitrate is added to their solutions, a yetlow precipitate of silver 
iodide is formed which is insoluble in ammonia. 

OXIDE AND OXYAOIDS OF IODINE. 

• Iodic Acid (HIO),, Iodine Pentoxide or Iodic 

Anhydride (laOj). 

4 

lodk acid is prepared <t) by heating iodine with strong 
nitric acid, or (2) by treating a. solution of barium iodate with 
sulphuric acid. 

3I, +J0HNO, = 6HIOa + loNO + aH.O. 

Ba(IO,)a + H.SO^ -BaSO* + aHlO,. 

Iodic acid yields iodic anhydride when heated— 

2HIO, - H.O + 1 , 0 ,. 

Bdfh these) compounds are white solids, soluble in water 
*and stable bodies. saks at iodk adid are called iodatts. 

'. Periodic Acid, 

The true formula of this sctd is H.IO4 ; but as it can only be 
obtained diluted with water, it is expressed by the formula 
(HIO4, 3 H, 0 ) or H, 10 ,. it is obtained by adding iodine to 
an aqueous -solution of perchloric ftcid— " 

-.sHClO^ ih 4^1,0 I, ■w Gl, + . 

* It ifth colouiisss, deliquescent, crystalMoe body. Its sal)^ 

veealMptriodififti , '...i . 
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UuiTdmty ExAn^iuUioii lOaea^BS <««»/</>. 

'III. ' ■ 

•*» 

1. Point oQt xht analogy and diflerence between Chlorine lind 
Iodine. Tabulate their derivatives, both acids and salts, naming 
them and giving appropriate formulae [C. o$). 

2. How is Itodme prepared ? What are its properties ? [C. 09 ; 
A, 96]. How is iodine obtained from kelp? Describe its important 
physical and chemical properties. [C. 14]. 

How is Iodine prepared from Seaweed ? What weight of Iodine 
is liberated from excess of potassium iodide by the action of one 
litre of chlorine measured at 10® C. and 750 m-m. pressure ? [A.oS]. 

How is iodine obtained (a) from kelp, and (^) from caliche ?. 

tA.1911]. 

3. How would you prepare hydriodic acid ; make a sketch of 
the apparatus you would use [C/ 1915 ; A. 03, 06, i9fo, 1912} Give 
a detailed account of experiments you would perform in illustration 
of the properties of the compound [A. i9io}« 

Hydrochloric acid is prepared by the action of sulphuric acid 
upon sodium chloride. What happens if an iodide or a bromide 
is substituted for the chloride ? [A. 06]. Can you prepare hydri¬ 
odic acid in the same way in which hydrochloric acid is ordinarily 
prepared ? If not, why not ? [C. 14]. 

State how you would distinguish between a 'cbl<U 7 ide’ and an 
♦iodide*. [C. 1915,] 

4. Describe carefully how you would prepare and "test iodic 
add [A. 1912]. 


CHAFTEB XXIV. 

BULPHUB AND ITS COMPOUNDS. 

SECnoK I, ' 

SULPHUR. 

.. •’ ^ 

Stubol Si Atom 10 Wuoht Jifo|4COCi.4B.WBt(3ST 64. 

OooiirF6ll66-—Sulphur, also )(••■ *burtiin^ 

-stone*), is touAd M its oative state iA the vidni^ of vedoaoMs. 
In combinatioA with metals, it is fouAd ia large qasAtitiNi as 
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xhs‘i'a\pl^de 6 ‘^>iroM.ptfri/es (FeS^), copper 
galena (Pbs), zinc blende (ZnS), emnaiim 4 .iAg&% bi«i» C^fatned 
with metals ^a|id oxyg^en, stdpbar s^ptotes— 

£ypeufa.(CzBO^, beovy spar (BaSO*),. G/amber’s .t{tU 

.<Na,SO^, ja//<Id;gSO«, 7l^«d), &C. Sulplmr 

is also present in small quantities in many organic compoundg, 
such as the white of egg. 

I^,The pi^arationof frqfl|i native 

sulphur or from its ore (iron pyrites) eoBsists of two stages, 
vie., Extracdon and Purification,: 

(i) Native suipbnr is a rocky substance containing earthy 
impurities. To separate suipbur, from these impurities, the 
sulphur rock is piled up on a sloping floor and then ignite4> 
A pgrt of- the sulphur burns, and the heat produced thereby 
melts the rest which is drawn off into moulds. Crude splphur 
is obtmned from iron pyrites by a similar process. 

(ii) Crude sulphur obtaineef by extraction is next refined 

by distUliUion. The sulphur is 
first melted in an iron>pot (P in 
Fig. 43) whence it is passed into 
an iron-retort (R) where it is boiled 
by means of the fire (F). The 
vapour of sulphur on reaching the 
brick-built chamber (C) at once 
solidifies, and falls to the bottom 

'• Fig. 43 . as a fine powder called ‘flowers of 

wwulpbur.’ But afterwards when the chamber becomes hot, the 
vaponr condenms Into the liquid state; this liquid is then 
, drawn off through the opening (o) and cam into cylindrical 
moulds whbre the sulphur solidifies. This is the familiar ‘roll 
sulphur’ or ‘stick sulphur/ 

II. Sttlphur is now also recovered from the soda-waste 
olttained in Leblanc’s method of alkali manufacture. The 
Waste {containii^ calcium sulphide) is treated with carbon 
dioxide in presence of water: the sulphuretted hydrogen evolved 
IS 




vWS mORGAmC'CHEMTSTRY. 

J? thon mixed with air and decomposed by ferric hydroocide^ 
whereby sulphur is deposited. 

Effect of fieiit on Solphur. —Ihe effect of heat on 
sulphur is to produce a series of changes which become more 
remarkable when at diStirent temperatures molten sulphur is 
allowed to cool. 

(t) Sulphur when gently warmed melts (at 114^,) to a 
clear pale yeltow liquid. [This liquid when cooled forms the 
prismatic variety of sulphur]. 

(ii) When further heated the liquid darkens and thickens 
until (at about »oo°C.) it is^lmost black and perfectly viscid, 

(ill) With increase of temperature (up to 400®) the sulphur 
again becomes mobile. [At this liquid stage plastic sulphur 
is prepared]. ^ 

(iv) Finally, at about 448®G., the liquid boils forming brown 
vapours. [These vapours condense to form flowers of sulphur^ 

Allotropic Forms of Sulphur.—There are principally 
four allotropic modifications of sulphur, (1) Rhombic or 
Octahedral, (s) Prismatic or Monoclinicr (3) Plastic, and 
(4) White Amorphous. The first two forms are crystalline, 
while the last two are amorphous. 

(1) Rhsmbic Sulphur.—«Thls is the form in which native 
sulphur occurs, and is the most ordinary and 'stable form of 
sulphur. Its specific gravity is s*o5. It is soluble in carbon 
disulphide, and is therefore artificially obtained by evaporating 
a solution of roll sulphur in carbon disulphide. Flcrvtrs of 
sulphur belong to this dass. 

( 2 ) Prismatic Sulphur.—This variety is prep^d in the follow* 
ing way :— Sulphur is melted in a crucible, and then allowed 
to cool until a crust forms on the surface. The crast is.broken 
through and the liquid sulphur poured out: yellow needle>like 
crystals are found to have formed round the side of the crucible. 
Prismatic sulphur is transparent and brittle; but it is unstable 
.and changes into the rhombic variety aftm spme time. Its 
:specific gravity is r98, and it is soluble in carbon disulphiide. 
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( 3 ) .Piastie ^Iphur.—When thick and dark moiteo sulphur 
(which is near the boflingr point) is poured into water, a soft, 
elastic, yellow, transparent substance is produt^ : this is- 
catted ‘plastic sulphur.'; It is soon changed into ordinarjr 
brittle sulphur. Its specific gravity is 1*95, and it is insoluble 
in carbon disulphide. 

( 4 ) White Amoirplious Sulphu^,—It occurs, in small quantities,, 
mixed with 'flowers of sulphwt/ from w'bich it can be separated 
8y means of carbon disulphide* It is also obtained as a finely- 
divided yellowish white powder (called milk oj sulphur) by 
boiling flowers of sulphur and slaked lime in water and then 
precipitating the filtrate adth hydrochloric acid, washing and 
drying. White powder*sulphur is insoluble in carbon disul¬ 
phide and passes into the ordinary yellow form when heated. 

Properties : Physical. —'Sulphur is a brittle yellow solid. 
It undergoes a series of changes when heated (see above). 
Jt exists in four important kllotropic forms which differ to a 
certain jpxtent in their properties (see above). As sulphur has 
two distinct crystalline forms (one being produced from 
solution, the other from fusion), it is called dimorphous. 
Sulphur is a very bad conductor of heat and electricity. 

Chemical. —Sulphur bums in the air with a pale blue flame, 
forming sulphur dioxide [S + 03*«S0,]. It combines withi 
many metals to form sulphides, and supports combustion in 
some cases. Thus, when copper-foil is introduced into the 
vapour of boiling sulphur, itjburns brilliantly with the forma¬ 
tion oPcopper sulphide. 

Tests.— (i) Sulphur burns with its peculiar blue flame and 
suffocating odour. (>) Sulphur (whether in the free or combined 
, sta'te) when heated with strong nitric ackl yields sulphuric acid. 

Uses. —Sulphur is used in the manufacture of matches, 
gun-powder, sulphuric acid, &c. 

r 

University Examination Qnmitions. 

^ I. Name the principal compounds of sulphur found in the 
crust of the earth, and describe the method you would use to prove 
tharany one of tihem contains sulphur [C. o;.] 
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2. How is roll sulphur conuptrciallf obuined 14]. .. 

3. Describe, the aUotropic forms of sulphur, How are tb.ey 
obtained ? (C. 19U, 14 ; A^p8], Compare the properties of the 
allotropic forms of sulphur. [C. osl. 

■ ' ■> * i / 4 

% ** 

SmoTioN II. 

I 

t 

SULPHURETTED HVDROGEN. 

L i 

» * 

(Hydrogen Svdphide or Hyd^svlphurio Acid). 

FoRMtTLA. H,8. Mto?CULAR Wkioht 84. Drksity 17* 

Occurreiice.—It is found in volcanic regions and in 
mineral ‘sulphur waters.' It is also formed by the putrefaction 
of animal matters containing sujphur (such as eg^s), and by 
the destructive distillation of coal. 

t 

Prepar&tion—(>) The gas may be synthetically prepared 
by passing hydrd^en over boiling sulphur, or by passing a 
mixture of hydrogen and sulphur vapour through a hot tube : 

Hg + S H,S. 

(a) The pure gas is obtained by heating antimony trisul¬ 
phide with strong hydrochloric acid : 

SbaS8 + 6H01-2SbCl, + 3H,S. 

(3) w gentrallff prepared by the action ^of dilute 

sulphuric or hydrochloric acid upon ferrous sulphide. Frag¬ 
ments of ferrous sulphide are placed in a flask and the dilute acid 
is poured through a thistle funnel : the gas is readily evolved 
without the application of heat, and is collected by displacement 
of warm water (Fig. 13), or by doarnward displacementr 

FeS + H.SO* - FeSO* ♦ H;S. 

FeS + aHtl *= FeCl, + HgS. 

Kipp’s Apparatus.—As sulphuretted hydrogen is cons¬ 
tantly required in the laboratory for analytical purposes, it is 
readily prepared in what is known as Kipp’s apparatus (Fig. 44). 
The apparatus two parts; the lower part consists of two glass 
globes («, b) joined by a neck; and the upper part consists 
of a glass globe having a long stem which passes air-Ugfit 
through the neck of the middle globe and reaches lUte IiOsicPt 
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most one. 



Fig. 44 . 


The middle ^lobe ' hats tin 'Otitlet *(i/j lii^here the 

delivery tube (provided ‘With a Jtopcodc)' to 

_ ' ♦' 

fitted in. The uppermost globe Is furnisheo 

with a funnel'tube. 

*» 

I 

\ 

Ferrous sulphide is inserted into the middle 

* t 

globe throi^h the outleti and (the stopcock e 

* 

being open) sulphuric acid is poured through 
the funnel until the acid fills the globe (<!)• 
and reaches the ferrous sulphide in globe 
The evolution of the gas soon commences. 
When the gas is no longer required, the :tAp 
(r) is closed, and the pressure of the gas 
produced forces the acid in globe (<r) up 
through the stem, so that the acid cannot 


come in contact with ferrous sniphide. Further evolution of the 
gas is thereby stopped, until the tap is r^ened again. 

This apparatus is also used to obtain a ready supply of 
hydrogen, zinc being substituted for ferrous sulphide. 


Properties: Phyaioat. —Sulphuretted hydrogen is a 
colourless Igas having the offensive smell of rotten eggs. It 
dissolves in cold water, and imparts its own smell to the 
solution. When inhaled in the pure state it is poisonous. It is 
heavier than air, and can be changed rather easily into the 
liquid and solid states. 


Chemioal. —i, It burns with a bluish flame. When the 
supply of ..air or oxygen is limited (as when the gas burns 
in a jar), sulphur is deposited on the Inside of the veuel: 

2 H,S + O, = zH.O + fS. 

But when there is free access of air, water and sulphur dioxide 
are produced : 

sH.S+sO, - aH ,0 + 4S0,. 

. A mixture of two volumes of H,S and three volumes of 
oxygen explodes violently when Ignited. 
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3. An nquwnt tolmtion ^ ike gas has feeble eicii properties^ 
Hence it is sometimes csUed ^hydrosulphuric acid’ or 'sulphyd* 
ric acid.* Sulphuretted hydrogen acts upon many metals and 
metallic salts to form sulphides. Thus silver, lead, &c. are 
tarnished in contact with the gas, owing to the formation of the 
sulphides. (See below). 

Solution of soda or of lime absorbs sulphuretted hydrogen 
forming a 'hydrosulphide.’ * 

NaOH -f H,S - KaHS + HjO. 

CaH.O, + 8H,S » CaH,S, + 2H,0. 

1 

3. Sulphuretted hvdrogeH is a reducing agent, and when 
it is acted upon by (a) oxygen, (b) the halogens, (r) sulphur 
dioxide, (d) sulphuric acid, and (e) a ferric salt, sulphur is 
deposited in each case : 

(a) Oxygen of the air has no action on dry sulphuretted 
hydrogen, but slowly decomposes its aqueous solution— " 

zHgS ^ Oj «■ sH,0 + sS. 

(3) When suiphureted hydrogen is brought in contact with 
the halogens, reactions of the' following nature take place— 

H.S + Cl, - sHCl + S. 

(r) Sulphuretted hydrogen reduces sulphur dioxide : as 
both these gases are evolved from volcanoes, native sulphur is 
probably also formed by this reaction— 

SO, + aH,S ■» 3ll,0 + 3S. * 

(d) The following reaction explains why sulphuretted hydro* 
gen cannot be dried by being passed through sulphuric acid— 

H,S04 + H,S » 3H,0 + so, -I- S. 

*9 

/• 

(e) When sulphuretted hydrogen is passed through a solu* 
tion of ferric chloride, the salt is reduced to the ferrous state— 

sFeClj + H.S = jFeCl, + sHCl + S. 

Sulphides: Sulphuretted Hydrogen as a Reagqnt— 
Sulphides are the compounds of metals with, sulphur, such 
are ferric sulphide (iron pyrites, FeS,), lead sulphide (galena. 
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PbS), silver sulphide (AgtS). &c. Most stftpfaides sie imoltible 
in water (those of sodiuna, calcittni» mafae^m', ftc., being 
exteptions). The sulphides of the metals antiinoB]^, arsenic* 
bistauth, cadmium, copper, lead, aaeroury, and tiia, are insoluble 
in dilnit acids', while die sulphides of aluminium, chromium, 

r 

cobalt, iron, manganese, nickel, and zinc, are insoluble in 
alkaline liquids. Sulphides of different mmals have also charao-' 
teristic colours. These two peculiarities (soHibility and colour) 
enable us to detect a sulphide of a particular metal. 

When sulphuretted hydrogen u passed through the solutha 
of some metallic salts, sulphides of the particular metals are 
precipitated. Hence, sulphuretted hydrogen is a valuablp 
reagent in chemical analysis (see A^j^ndui). By its means 
we can (i) identify many metals in their solutions, and (s) 
separate them from one another/in a mixture. Thus, If we 
pass sulphuretted hydrogen through the acidulated solutions 
of the following salts— copper sulphate, lead nitrate, antimony 
chloride, ferrous sulphate, and zinc sulphate— the results wiU 
b$ as follows: 

CuSO* + H,Sss=HjS04, vCuS (black precipitate) 
Pb(N0,), + HaS=jHN 03 + PbS( „ „ ) 

zSbCla-PsH.S-dHCl+SbaS, ( ., „ ) 

IznlottH^sl "0 

Su^htdes of copper, lead, and antimony being insoluble 
^ in the acid are precipitated. But as the sulphides of iron and 
zinc are soluble in the acid, no precipitate is formed by the 
passage of sulphuretted hydrogen through their acid solutions.' 
If however a little ammonia or any omer alkali be added to die 
solutions (so as to neutralize the acid), precipitates at once 
appear: 

FeS0 « •(* H3SsH,S 04 -f FeS (black precipitate). 

, ZnS04+H4S<-H,S04+208 (white „ ). 

T{B8tS'>‘~( t) Sulphuretted hydrogen is known by its odour. 

ft' 

(s) A piece of paper moistened with a solution of lead 
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acfetftte is stained b)a«$k by Milpburetted hydrogen {owing to 
the fonnationro^ bla^ teui sulphide). 

Compcisittoll<^}f tin is heated in a bnoWn volume of 
sulphuretted hydrogen,. Un s^hide is formed and the volume 
of the liberated hydrogen is found to be equal to the volume 
of sulphureUed hydrogen used. Hence, hydrogen sulpkidt 
amfoins ils own volumt hyirogtn. 

I As a volumes of sulphuretted hydrogen contains a volumes 
of hydrogen and as. the. densities of the gases are 17 and i 
respectively, 34 parts of sulphuretted hydrogen must contain 
2 parts of bydrt^en and 3a parts of sulphur. Hence, the- 
formula of sulphuretted hydrogen is H,S. 

r 

UniversHy Bzaminatloa (Questions. 

I.. State what you know of the occurrence of SulphureUed 
Hydrogen in nature [A. 98]. 

2. Describe the preparation of sulphuretted hydrogen [C. 95, 
97, 1910, 15 ; A. 95, 98, 07,13]. Sketch the apparatus used in its 
preparation [C. 04, 1910; A. 1913]. 

Make a careful diagrammatic drawing of Kipp’s apparatus and 
explain how it is used for the preparation of sulphuretted hydrogen 
gas [C. 09, 13]. 

3. Describe the properties of sulphuretted hydrogen [C. 95, 
A. 98]. State the physical properties of the compound. Is it an 
acid, or a .base, or a neutral substance ? How would you prove your 
statement ? [C. 10]. What happens when the gas is burnt ? [C. 97]. 

Compare the physical and chemical properties of the hylrogen 
compounds of nitrr^en and sulphur [C. 1915]. 

4. Explain fully the use of sulphoretted hydrogen as a cbemi< 
cal reagent [C. 95,97,09,1911 ; A. 95, 07]. How and why is this 
reagent used in the separation of lead, zinc, and calcium from a 
mixture of solutimts of the. nitrates of these metals ? [C. 1900]. 

5. Describe what takes place when sulphuretted hydrogen is. 
passed through solutions of (a) caustic potash, f^) lead nitrate, 
(<r) arsenic trioxide [A. 95]; {d) lead nitrate, (e) antitdony chloride 

sodium hydrate [C. 02], ig) silver nitrate, (.t) copper sulphatC' 
[C. 04] i (() copper sulphate, (/) ferrous chloride, {k) magnesium 
sulphate [C. i9t5]. * . > 
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6. - . WlMt vQltim^ of salpboi^HBd hydrogen at ao^Cw'a®d 720 
OLID, is required to convert i graoft of cojtper sjulpbate (CtiS04, 
4^*0)1010 copper sulphide? How much ferrous sulphide would, 
be required to yield the requisite volume of sulphuretted hydrogen ?' 
[A. iqio). 

7 ‘ What volume of sillphur dioxide would you get at t5*C- 
add 740 m.m. by burning sulphuretted hydrogeir obtained from 
I r gramme of sidpfaide of iron ? Fe 56. S»32. (C. iqi 3]. 

8 . By wiiat tests would you recognise sulphuretted hydrogen ?' 
[C. 190Q, 09.-; A. 1900J. 

9. How would you determine the composition of the gas ?' 
fC. 1900, 09 ; A. 1913^. 


Section lil. : 

Oxides and Ozy acids of Sulphur. 

8DLPHUE DIOXIDE oa SULPHUROUS ANHYDRIDE. 
Formula SO,. Molxocuar Weight 64 . Deksitv 32 . 

OCCUPP ence.—This gas is given off from volcanoes, and 
is sometimes found in the air of large towns. 

PrepRPation.—(I) In the laboratory the gas is prepared¬ 
ly heating strong sulphuric acid with copper. [Mercury, lead, 
or silver may be used instead of copper]. The evolved gas 
may be dried by bubbling it through strong sulphuric acid, 
and is then collected by downward displacement (or ovtr 
mercery). See Fig. 15. 

Cu + iH.SO, - CuSO* + aH,0 + SO,. 

, (a) On the large scale it is obtained bv burning sulphur or 
tuon pyrites (ferric sulphide) in air. 

S+Og — SOg. 1 4FeS8 + iiOa * sFe,0,+ 8S0,. 

(3) & (4) It may also be prepared by heating strong sulphuric 
acid ivith^ sulphur or carbon^ as also by heating sulphur toitk 
copper oxide or manganese dioxide. 

aH,S04+S-aH*0 4 3SO,. 
sHgSO,+,C'“aHjO+COj-paSOj. 
aCttO+aS-iCUgS + SOa. | MnOg + aSsaMnS + SO,,. 
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Properties : Pky 8 ioa!.~->&tAv^r dioxide it a toi^ii^hssgat 
having a pungent sufacaiihg tmeli. Of til tbe gttes it is the 
most easily condensible: liquH sulphur dioxide is obtained 
by passing the dry gas through a spiral -tube immersed In a 
freezing mixture (i. e, a mixture of ice and salt). 

Ch^tnioal,—t, It dees not burn, nor dots it ordinarily 
support epmbustitm. But finely'divided iron and some other 
metals burn when heated in the gas, and lead peroxide (PbO,) 
glows in it spontaneously with the formation of lead sulphate 
(PbSOJ. 

2. It unites with water, forming sulphurous acid (H^SO^). 

3. It is a powerful reducing and bleaching agent. Thus, 
when moist red roses are placed in a jar of the gas, the colour 
of the flowers is at once destroyed. Its action on potassium 
bichromate and iodic acid are further examples of reduction. 
(See below). 

4. In presence of water it converts chlorine into hydro* 
chloric acid : hence its use as an antichlor. 

SOa + 2H20 + Cl, = H,SO4 +aHCl. 

5. Sulphur dioxide and sulphuretted hydrogen decompose 
each other with the liberation of sulphur : 

S0, + 2H,S=r3S+aH,0. 

Comparison of Chlorine and Sulphur Dioxide as bleaching agents. — 
Chlorine and sulphur dioxide agree in this respect that both 
bleach in presence of water. Their modes of actioft are 
however reverse to each other: 

(1) Chlorine bleaches by oxidation. It liberates oxygen from 
water [Cl, -t- H,OsszHCl + O], and the nascent oxygen oxidizes 
the colouring matters with the production of colourless com¬ 
pounds. On the other hand, sulphur dioxide bleaches by 
reduction. In this case hydrogen is liberiUed [SOg -fsH gOta 
HgSO, 4- sH], and the nascent hydrogen reduces the colouring 
matters to'colourless compounds. 

(2) Decobrization by chlorine is permaneutf i. e., once a 
substance is bleached by chlorine the original colour cannot 
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be restored. WberenMi, dtatl^inaiian kP tul^lur 4 i»xHe- «r 
rtstortHile : in this cue the ordinal cotouf ceo be reprodiioed 
when the bleached substaoMS are treated idth dilute sulphuric 
a cid or with a weak alkali. Hence, bleached flannel jg^adually 
becomes yellowish when washed with soap. 

(3) Some articles (such as paper,' silk, sponge, wool) are 
injured by whlorine: so they are always bleached by meant 
■of sulphur dioxide. Sulphur dioxide is also an antichlor, i. e, 

i 

it removes traces of free chlorine left in goods that have been 
bleached by chlorine. 

’ The Uses of sv^ur dkmids are as a bleaching agent and 
antichlor, as a disinfectant and prevenUve of putref^ion and 
fermentation, and as an ingredient in the manubkcture ‘of 
sulphuric acid. 

Tests, —(i) Sulphur dioxide is recognised by its smell 
^nd bleaching action. 

(s) Paper moistened with potassium bichromate is turned 
green by sulphur dioxide. 

(3) It turns paper moistened with a solution of iodic acid 
‘ (or an iodatt) and starch to a blue colour, owing to the libera¬ 
tion of iodine : 

2HI0, + sH.b sSOa = sH.SO^ + I,. 

Composition. —The volumetric composition of Sulphur 
dioxide may be shown in the same way as that of carbon 
dioxide ; the same apparatus being used in this case. .By 
burning a fragment of sulphur in a known volume of oxygen 
it is found (when the apparatus has cooled) that the volume 
of sulphur dioxide produced is equal to the volume of oxygen 
used. Hence, sulphur dioxide contains its own volume of oxygen. 

Knowing the density of sulphur dioxide to be 3 s, it can 
then be easily ascertained that its formula is SO,. 

SULPHUROUS ACID, H, 80 ,. 

• This acid is produced by passing sutphur dioxide into 
water. The acid is known only in aqueous solution and smells 
of sulphur dioxide. It is very unstable, and gives off SO, 
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when heated, it it a redttcisif agetit: thtm, lahen exposed to 
the air it is slowly converted ’into aalphuric acid— 

*H,S 0 b+ 0 ,=:*H,S 04 . 

Sulpliltes am the salts of sulphurous acid.' They ate 
produced by the uuioa of sulphur dioxide with alkalies, or 
by the neutralisation of sulphurous acid by alkalies or carbo¬ 
nates. For example-^ 

' sK0H+S0,=K,S03 + H,6. 
sNadH-bH.SOa^Na.SOa + sH.O. 

The characteristics of sulphites are the following— 

(x) When a solution of a sulpb'ite is warmed ^ith 
or HCl, sulphur dioxide is given off. Thus, 

Na,SO, + H,SO* = Na,S04 -b H ,0 + SO,, r 
(a) Sulphurous acid and solutions of sulphites are reduced 
by nascent hydrogen, with the liberation n,S: 

HaSOa + sHs = H,S -b sH^O. 

(S) Sulphites form with barium chloride a white precipitate 
of barium sulphite (which is soluble in HCi): 

Na.SOa + BaClg = BaSO., + sNaCl. 

SULPHUR TRlOXiDE or SULPHURIC ANHYDRIDE. 

« 

Formula SO^. Molecular Weight 80. Vapour Density 40, 

f. 

Preparation- —It is prepared as follows : 

I. By passing a mixture of dry oxygen and sulphur dioxide 
over heated platinized asbestos or spongy platinum contained 
in a bulb-tube. Dense white fumes of sulphur trioxi&e are 
produced, which may be condensed in a receiver. 

zSO, + 0 , - aSOj. 

[In the above reaction, the finely-divided platiniant acts as 

^ Sulphur itvoxtde is now being prcpHTcd on 

* large scale by this method, for the subsequent production of 
sulphuric acid. The Contact Process, as it is called« is expected 
to be a serious rival of the Chamber Prisms of manufacturing 

sulphuric acid, described below]. 

a. By heating Nordhausen sulphuric add : 

H,S.O, « H.SO, + SO,. 
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3. .By; heating aulphuric acid with pbosphoras pentoxide 
<which withc^awa the elements oi .water fromUhe.aeid):: 

HjSOt + “ 2HPO1 ■+" SOa> '' 

Properties.—It is a white, silky, crystalline solid which 
easily melts to a colourless liquid aod boils, at 46°C. When 
passed through a .red*hot tube, the vapours of sulphur trioxide 
are decomposed into sulphur dioxide and oxygen. Sulphur 
trioxide is very hygroscopic: thus it fumes in the air, and 
unites with water energetically (with a hissing sound) to form 
sulphuric acid. [H,O+SO3 = H,S043. 

SULPHURIC ACID or HYDROGEN SUI^HATB. 

FoaMni,A H,SO*. MoLjiooLAa WsiOHr 88. 
Prep&ration* —^ he preparation of this, the most usefid 
of ^e acids and the most important of all manufactured 
chemical substances, consists in the oxidation of' sulphur 
dioxide in the presence of water (t. in the oxidation of sul¬ 
phurous acid;. But as this oxidation cannot be directly effected 
* by the oxygen of the air, it is brought about by an oxide of 
nitrogen (NO,). Nitrogen peroxide gives up hadf of its 
oxygen to sulphurous acid to form sulphuric acid, and then 
• replenishes its loss from the oxygen of the air. 

Laboratory Method.—To prepare sulphuric acid in 

the laboratory the follow¬ 
ing method is adopted. 
A large flask is fitted up 
with five tubes, through 
four of which are .passed 
— (i) Sulphur dioxide, 
obtained by heating sul¬ 
phuric acid with copper; 
(3) Fumes of nitric acid, 
prepared form nitre and 
Fig. 46 . sulphuric acid; (3) Steam 

obuined by boiling water j (♦) Pure air, of which only oxygen 
is required. 
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Tfare fifth tube is for the exit of wtste gases, mainly nitrogen. 
When the experimeht is complete, sulphuric add is found to 
have collected in the flask. The following equations represent 
the reactions: 

SO, + aHNOa = H.SO, + aNO, (i) 

SO, + HaO + NO, » H.SO* + NO ... Oi) 
aN 0 + 0 ,»aN 0 , ... (iu) 

NO, produced in the first reaction oxidizes 11 , 80 , (that is, 
50,4-H, 0 ), and is itself reduced to NO which combines 
with the oxygen of the air to form NO, again. This NO, 
again acts upon H,SOa and is itself changed into NO which 
carries oxygen once more from the air. Thus when once the 
action has been started by the nitric acid fumes, reactions (ii^ 
and iiii) go on in alternation,— nitric oxide being the 'carrier 
of oxygen.’ 

Manufacture _^The processes employed in the manu¬ 

facture of sulphuric acid are essentially the same as those des¬ 
cribed above, and the reactions are the same. The Sulphuric 
Acid Works, the general arrangement of which is represented 
here in rough outlines, consist mainly of these parts— 

I. Furnace for burning iron pyrites or sulphur in order 
to obtain sulphur dioxide and air. 

s. Nitre oven for producing nitric acid fumes. 

3. Boiler for producing steam. 



4. Chambers, made of lead and enclosed within timber 
frames, in nbicb the acid is formed. 
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5. Gay*Ltt88ac Tower and Glover Tower wbi^ economize 
the procesB of manufactare by respectively absorbing and 
restoring nitrogen peroxide which escapes with the waste gsBes 
from the chambers. 

The hot gases from the burners (vrs. sulphur dioxide, air, 
and nitric acid fumes) are drawn tbroi^h the whole apparatiis 
by means of a powerful draught fi’om a chimney. The gases 
pass up through the Glover tower into the chambers which 
are supplied with steam by means of jets connected with the 
boiler. First the nitric fumes unite with SO, to form 
HgSO, and NO,— 


• - SO, + aHNOs - H.SO, + 2 NO 3 . 

Then the reactions represented by the following equations 
go on altemsUely to form H2SO4 which collects at the bottom 
of the c bambera— 


SOa + HaP + NOa - H3SO4 + NO. 

• 2NO + O, •• 2NOa. 

/ The mmyid gasfljachjeHjr n jtrqgfi.R. oxygen, and ojidesupf 
nitrogen) pass rrom the chambers into the Gay-Lussac tower 
where nitrogen peroxide is absorbed by sulphuric acid, and 
Other waste gases are allowed to escape through the chimney. 
The niiraUd sulphuric acid is then pumped to the top of the 
Glover tower where the absorbed nitrogen peroxide is liberated 
again and then returned to the chambers for fresh use. 

Note i.—►When there is want of steam in the chambers, a 
peculiar white crystalline compound is formed, called ckofftber 
cryst^s. These crystals are immediately dissolved by water and 
decomposed into sulphuric acid and oxides of nitrogen. 

Note 2 .— Pure sulphuric'^ncid be prepared in the 
chambers, because the hot contentrated acid would attack the 
lead of which the chambers are made. The acid obtained from 
the chambers ^ontains only 68 p. c. of pure HiSO^, and is called 
‘chamber acid.* After evaporation in leaden pans the acid 
acquires a specific gravity of fySi (containing 8r p. c. of pure 
#HaS 04 , and is commercially known as‘brown acid.* By further 
concentration in platinum or glass vessels the acid reaches the 
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strength of 98 p< c. (iv^ecific gravity 1*842) and; is then called 
'in commerce cil of vitriol. The nbhrevition ‘B.O.V/ is sometimes 
used for brown oil of vitriol. 

Prop0Fti6S** Physical » —Commercial sulphuric acid eoit- 
tains many impurities and is therefore more or less coloured. 
The pure acid is a colourless' and odourless oily or syriipy 
liquid which is more than times heavier than water. When 
cooled, it condenses to coiourleBs crystals. When heated, it at 
first gives off sulphur trioxide, and then boils unchanged at 
338*’^.; but when extremely heated, it decomposes into 
sulphur dioxide, oxygen and water. 

Ghemhal. —t. Tke acid has great a^nity for water, 
and is therefore used as a drying agent. It abstracts the 
-elements of water from organic compounds, and unites ‘with 
water to form hydrates having the formuls (H^SO^. Ii,0} and 
(HgSO^. sHgOi. Thus, it decomposes formic add, oxalic acid, 
and alcohol {Vide pp. 150, 156); and carbohydrates (/./. 
-starch, sugar, paper, wood) are charred or blackened by the acid 
—water bning absorbed by the acid and carbon left behind : 

C.HjoOj (starch)->6C + 5H,0. 

(cane-sugar)« 12C + iiH, 0 . 

The acid is a powerful caustic and causes painful wounds. 

2. Sulphuric cutd attacks most of the mjtals. Iron, 
magnesium, manganese, and zinc are acted upon by the cold 
and dilute acid, hydrogen being evolved. Antimony, bismuth, 
copper, lead, mercury, silver, and tin are acted upon bv the 
4 tot and concentrated acid, with the liberation of sulphur 
dioxide. But gold and platinum are not attacked by the acid. 

Uses.—Sulphuric acid is put to varied uses in art and 
trade. It is required in the manufacture of hydrochloric, nitric, 
and other acids. By its means are prepared 'soda'.(i, e. sodium 
■carbonate, which is necessary in manufacturing soap and glats) 
and compounds of phosphorus (which are used as manures). 
It is also used in refining petroleum, and in voltaic batteries 
for producing electricity. 
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Test.—See below. -r 

» _ 

Sulphates. —These are the salts of sulphuric acid. Being 
a 41basic acid, sulphuric acid produces two series of salts, viz., 
^normal salts’ (as K-SO.) and ’acid salts’ (as KHSO*). 
Nearly ail sulphates are soluble in water : except sulphates pf 
calciuqa and strontium which are only slightly soluble, -and 
sulphates of lead and barium which are insoluble >d water 
and acids. The characteristic tests for.sulphates are these-r- 

(f) A. solution of barium chloride, when added to a Solution 
of a sulphate (or to sulphuric acid), produces a white preci¬ 
pitate of barium sulphate which is insoluble in dilute hydro¬ 
chloric acicT. 

• NajSO* + BaCl2"BaS04 •+■ zNaCI. 

(a) Similarly, lead nitrate produces a white precipitate of 
lead sulphate. 

• Pb(NOj)2 -I- H4SO4 * PbSO* + 2HNO3. 

(3] When a sulphate is mixed with sodium carbonate and 

'Vi * P ^ 

then heated on charcoal in the reducing blowpipe flame, a 
’ sulphide is produced. 

[The above are the tests which serve to distinguish a 
sulphate from a sulphite. They are also distinguished by the 
fact that sulphites evolve sulphur dioxide when acted on by an 
acid, whereas sulphates do not]. 

PWOSULPHURIC Acid, HaSaOy.—This may be regarded as 
a compound of a molecule of H2SO4 with a molecule of SO3, h 
is prepared in large quantities at a place in Saxony, whence it i$ 
called Nordhausen Sulphuric Acid It is a fuming oily liquid, and 
is therefore also called Fuming Sulphuric Acid When heated it 
gives off sulphur trioxide. 

Thiosulphuric Acid, H2S208.—This unstajble acid forms the 
important salt Sodium Thiosulphate, Na2S203, which is largely 
•used in photography under the familiar name, ^hyposulphite of 
so^’ or simply hyPo% 

13 
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University Examination Questions. 

I. 

!• Describe the preparation of sulphur dioxidie and make a 
sketch of the apparatus used (C. 99, 03, 1910. 1912 ; A, 05, 1910]. 

2. Describe the properties of sulphur dioxide [C. 99, 1912]« 
How would you prepare sulphur from the gas?[C. 1912]. By 
what properties can sulphur dioxide be distinguished from 
Chlorine? [C. l9to]. Compare the action of chlorine on vegetable 
colour with that of sulphur dioxide. [C. 1913). 

3. What happens when this gas is dissolved in water, and the 
solution thus obtained is treated with {a) chlorine water, (J?) solution 
of caustic potash ? Give equations in each case [C. 03]. 

What takes place when this gas is allowed to come;.into contact 
with {a) sulphuretted hydrogen, {b) lead peroxide, (c) caustic soda, 
(rf) hydrogen dioxide ? [A. 05]. ,, 

4. State concisely how the composition of sulphur dioxide has 
been determined. Make a sketch of the apparatus required 
[C* 06], How will you ascertain that the formula SO^ represents 
the composition of sulphur dioxide gas ? [A. 05]. 

5. How may sulphur and sulphur trioxide be obtained ft om 
sulphur dioxide ? [A. 1910]. 

IL 

I. Describe an experiment by means of which sulphuric acid 
can be prepared in the laboratory [A. 99]. 

Mention briefly but concisely the process by which sulphuric 
acid is produced, and enumerate the chief uses of the substance 
for industrial purposes [C- 1911). 

4,2. Give a short account of the method employed in the manu¬ 
facture gf sulphuric acid [C. 1913, ; A. 93, 96, 05, 06, 07^ 1910], 

Explain carefully the action of nitric oxide in its manufacture 
[A. 94, 99]. What impurities are generally present in the commer¬ 
cial acid, and how may they be removed [C. 1916 ; A. 05]. 

Draw carefully a diagrammatic sketch of the plant used for the 
manufacture of sulphuric acid by the * lead chamber process/ 
Name each part of the plant and state its uses. How is sulphuric 
acid concentrated ? [A. 1914]. 

3. Mention the principal properties of strong sulphuric acid 
[A. 99]. What are its properties and tests ? [C. 1913]. 

4. Give the equations representing the action which talees 
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place (<i) when copper, common salt, and caustic potash are treated 
with this acid [A> 961 , ( 5 ) when strong sulphuric acid is heated with 
carbon, sulphur, copper, and common salt. [A. 1900J. What is 
the test for a sulphate ? [A. 1900]. 

CHAPTER XXV. 

PHOSPHORUS AND ITS COMPOUNDS. 

• Section I. 

PHOSPHORUS. 

Atomic Weight 31. MoLECtTLAB Fobmula and Weight P*, 124. 

00 CUrr 6 nC 6 .—Phosphorus cannot be found in the free 
state in nature. It occurs in combination, chiefly as cajcmm 
phosphate, (i) in the minerals apatite and phosphorite^ (ii) in 
plants, and (iiil in the bones, brain, and urine of animals. 

Proparation.—I. Ordinary phosphorus is prepared by the 
following two methods : 

(i) Bone-ash, which is almost pure calcium phosphate 
[Ca.j(P04)3], is mixed with sulphuric acid, and is thereby 
decomposed into insoluble calcium sulphate and orthophos* 
phoric acid— 

Cajf POila + 3 Ha SO4 - aCaSO* + 2U^ VO^. 

The {^id solution is then filtered,, concentrated} and 
mixed with powdered charcoal. The dry mixture is heated 
in earthen retorts the stems of which dip under water. At 
first orthophosphoric acid is changed into metaphosphoric acid, 
whicfi is decomposed at a high temperature by the charcoal, 
and phosphorus distils over— 

H^PO* - Ha'O + HPOg. 

2HPO, + 6C = Hj 6CO + 2P. 

(ii) Phosphorus is now also prepared directly from calcium 
phosphate by heating it with carbon in an electric furnace— 

Ca^(P04)2 -J- 14C » 3CaC2 + SCO + 2P. 

II. Ped or Amorphous is obtained by heating 

'ordinary phosphorus for some days, without access of air, at a 
temperature between a^cP and 250^0. [When heated above 
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a6o^C. the red phosph'oras is. again changed into ordinary 
phosphorus and burns]. ^ 

Two FoPms of Phosphopus. —Phosphorus exists in two 
forms, viz., Ordinary or Vellow Phosphorus and Red or 
Amorphous Phosphorus. These two varieties differ widely in 
their properties; but that they are the alldtropic modifications of 
the same element is evident from the following considerations : 

(i) Ordinary phosphorus can be converted by heatdnto red 
phosphorus; and when a certain weight of red phosphorus is 
heated again in a vessel containing carbon dioxide (so as to 
prevent combustion of the phosphorus), the same quantity of 
yellow phosphorus is produced. 

(ii) Both the varieties produce, when burnt, the same 
weight of phosphorus pentoxide. 

Properties —Phosphorus readily combines with hydrogen, 
oxygen, sulphur, and the hilogens. But while ordinary 
phosphorus is very active, red phosphorus is inert. The 
properties of the two varieties are in minv respects reverse to 
each other, and are given below in parallel columns :— 

Ordinary Pkosfikorus. j Red Phosphorus. 


1. Yellowish, transparent,soft like 
bees’-wax: becomes hard, 
brittle, and crystalline at o®. 

2. Specific gravity i*8. 

3. Insoluble in water, slightly 
soluble in ether, alcohol, &c., 
readily soluble in carbon 
disulphide. 

4* Highly poisonous. 

5. Melts and burns At about 44®. 

6. Luminous in the dark (whence 
its name) and fumes in moist 
air— hence it is kept under 
water. 

7. Ignites easily by friction, even 
by the mere handling— ordi¬ 
nary ^fiictiofi«matches’ are pre¬ 
pared from it. 

8. Acted upon by caustic soda. 


1. Opaque, hard, and almost 
amorphous. 

2. Specific gravity 2‘2. 

3. Insoluble in all the solvents. 


4. Non-poisonous. 

5. Melts above 250® and burns 
at 260®, 

6. Non-luminous, oxidisesslowly 
when exposed to moist air— 
hence it need not be kept 
under water. 

7. Not ignited by friction upon 
ordinary rough surfaces— 
^safety-matches’ are prepared 
from it, 

8. U naffected by caustic uodL 
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' UseS.'^'Phosphartts .i» cbiefiy. Wed m. manafaictuiing 
matches. [See above]. 

University Examination Questions. 

' W 

I. What is the chief source of phosphorus and its compounds ? 
Give a short but; clear apcount of the processes employed for the 
preparation of phosphorus from bone-ash. Represent all the reac* 
tions by equations. How could you prove that common "and red 
phosphorus are modifications of the same eletneht ?« [A. x<)t 2 \ 

2^ How does phosphorus occur in nature? [A. 96]. Compare 
the different varieties of phosphorus l^A. 93, 96, 08], Explain how 
teach allotropic form may be produced [A. 08]. ^ 

3. How is phosphorus usually prepared ? Give an account of 
its properties and of its reactions with (a) oxygen, (fi) chlorine, and 
{c)*a^ solution of caustic soda [A. 1911]. 

4. How is yellow phosphorus manufactured and purified } Com¬ 
pare the different varieties of phosphorus, and explain how each 
allotropic form may be transformed into the other [A. .1913, is]. 


Section II. 

PHO8PHOKETTED HYDROGEN. 

• (^Hydrogen Phosphide), 

Phosphorus unites with hydrogen in different proportions to 
form three phosphides, viz — 

to Phosphine or Gaseous phospboretted hydrogen, PHy ; 
(3) Liquid phospboretted hydrogen, ; and 

(3) Solid phospboretted hydrogen, PtHj,. 

The molecular weight and density of phosphine is 34 arid 
17 respectively. 

Preparation :.U) Of PHy,—it is prepared by heating phos¬ 
phorus with a solution of caustic soda or potash : 

4P + aNaOH + sHaO » sNaHaPOa + PH*. 

The caustic alkali, water, and phosphorus are placed in a 
flask fitted up with a delivery tube which leads under water. 
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The air in the flask is displaced by passing a stream of coal> 
gas or carbon dioxide, and then the flask is gently heated.. 
Phosphine (mixed with traces of P^Ha) is evolved, and maybe 
collected by displacement of water. [Care is taken that the gas 
may not come in contact with air. Thus as each bubble of the 
gas rises above the surface of water and comes in contact with 
air, it at once takes fire forming beautiful vortex rings of the 
smoke of phosphorus pentoxide]. 

(2) 0fp3N4.—This is prepared by passing phosphine 
(obtained by the above method or by the action of water on 
calcium phosphide) through a U-tube immersed in a freezing 
mixture. The reaction in the latter 'case is this— 

zCaP + 4 HjO - 2Ca(HO)2 + PaH4. 

(3) Of PiH,.—Liquid phosphoretted hydrogen, when exposed 
to light, is at once decomposed into the gaseous and solid 
phosphides: 

SPjH* = P4H2 +6PH8. 

PPOpOFties. —Phosphine is colourless and has the bad 
smell of rotten fish. It is highly poisonous and inflammable. 
Like ammonia it unites with the halogen acids to form 
phosphonium salts. 

\ 

Liquid pbosphoretted hydrogen is colourless and bums 
spontaneously in contact with air. It is due to its presence in 
tracer that phosphine takes fire spontaneously. 

Solid pbosphoretted hydrogen is a yellow powder. 


University Examination Questions. 

1. What is the formula of pbosphoretted hydrogen, its 
molecular weight and density ? Describe its preparation and 
properties, giving a sketch of the apparatus you would use in 
preparing it. [A. oaj. 

2. Describe carefully bow you would prepare and test phos* 
phuretted hydrogen gas [A. 1912]- 
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OXIDKS AND OXy ACIDS OP PHOSPHORUS. 

Phosphorus forms four oxides and four or more oxyacids, 
of which the following are important— 

Phosphorus trioxide, giving rise to Phosphorous acid; 
Phosphorus pentoxide, giving rise to Phosphoric acid. 

I. Phosphoxits Taioxinx {PAospAorous anhydridt^ P|Os 
or PaOs—T his oxide is formed when phosphorus is burned 

' in an insufficient supply of air. It is a white solid which 
sinells like garlic and is highly poisonous. It dissolves slowly 
in cold water, forming phosphorous acid : 

• P* 0 g+ 3 Ha 0 « 2 HaP 03 ; or P^Oj +6HjO-4H8POa. 

Phosphorous Acid, HaPOa-—This acid is readily prepared 
by the action of water upon phosphorus trichloride : 

. PCI* + sHaO - aHCl + HaPOa. 

<■ 

It is a crystalline solid having garliC'like smell. It is decom¬ 
posed by heat into phosphoric acid and phosphine: 

^ 4HaPOa = sHaPOa + PHj. 

It is a great reducing agent. 

II. PHj^sPHORUS PxHTOXiOB {Pkotphoric anhydride^, 
P,Oa.—This oxide is prepared by burning phosphorus in a 
sufficient supply of air or oxygen. It is a white flaky powder 
which readily absorbs moisture from the air. It is the most 
poweflhil of all drying agents, and unites energetically with 
water forming phosphoric acid : 

PaO, + 3HaO = aHaPO*. 

Phosphoric Acid, HaPO^.—It is prepared by dissolving 
phosphorus pentoxide in boiling water, or by the action of 
sulphuric acid on bone-ash. (See preparation of phosphorus). 
It is a transparent, cystalline, deliquescent solid. Being 
^ tribasic it forms three series of salts, called phosphates. It is 
also called Orthophosphoric Acid to distinguish it from the 
following two acids: 
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(i) Pyrophosphoric Ac^, which is obtained by- 

heating orthophosphoric acid to a temperature of 213 ^C: 

2 H,P 04 -H ,0 = HtPjOT. 

.(2) Mela^hyspkorif Acid, HPO^, which is obtained by 
heating H,P04 to redness, (or by heating H^P^Or): 

H,P 04 -H ,0 =s HPOs. 

It is also calk>4 glacial phosphoric acid, 

Usivorsity Examination. Questions. 

1. What is the constitution of the oxide formed when phos¬ 
phorus burns in the open air, and of the acids formed when the 
oxide combines with water [A. 93]. 

2. Under what conditions are the lower and higher oxides of 
Phosphorus formed What acids are derived from these oxides ? 
Describe the physical and chemical properties of HgPO*. (A. 07]. 

CHAPTER XXVI. 

SILICA, SILICATES and GLASS. 

I 

The element silicon is never found in the free state in 
nature. In the combined state it occurs plentifully as silica 
and silicates, and it forms (next to oxygen) the most important 
constituent of the earth’s crust. 

Silicon dioxide, (SiO,) commonly called fiViVn, is found in 
two modifications: quartz or rock-crystal and amethyst are 
silica in crystallised form; while agate, flint, opal, and sand 
are examples of amorphous silica (more or less mixed^ with 

i 

the crystalline variety). 

Silica requires the strong heat of the oxyhydrogen blow¬ 
pipe to be melted to a glass-like substance. Siiica is insolubie 
in water and in all acids, excepting hydrofluoric ' acid ; but it 
dissolves in a strong boiling solution of caustic potash or soda^ 
and amorphous silica is also Soluble in a boilingsolution of 
an alkaline carbonate. Silica is often called siticie anhydride, 
iwause it forms with water a number of silicic acids. 

' SiLiCATBS are the salts of silicic acids. The chief silicates 
are those of aluminium, calcium, and magnesium. Clay, the 
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purest form of which is kaolin or china-clay is a silicate of 
aluminium. Asbestos, hornblende, meerschaum, mica, pumice, 
serpentine, &c. are other important silicates occurring in nature. 

t 

Porcelain, water-glass and glasa. are the chief arlihciai 
silicates. Porcelain is generaliy prepared by mixing china- 
clay with felspar. Water-glais or soluble glass is prepared by 
fusing sand with an excess of sodium carbonate, or by boiling 
together silica and caustic soda or potash. Water-glass is a 
syrupy liquid, solubfe in waterit is largelj;;. used as a pro¬ 
tective coating for stone-work, as also in the manufacture of 
artificial stone, soap, &c. 

Glass consists of (t) silica, (a) soda or potash, (3) ot^ide 
of calcium or lead. The presence of sodium renders the 
glass *sofV i. e., easily fusible. The presence of potassium 
renders the glass ‘hard,’ i. e., difficult to melt. 

, Common glass (window glass, &c.) is prepared by melting 
together sand , sodium carbonate and lime or calcium car¬ 
bonate. Bohemian glass contains potassium carbonate instead 
of sodium carbonate: it is used in the manufacture of chemt- 
*cal apparatus. Flint glass is potash glass which contains 
lead oxide (litharge) in the place of lime: it melts easily, takes 
a high polish, and is thus used for the manufacture of optical 
instruments. 

Coloured glasses oxi prepared by adding different metallic 
oxides, to glass while in the molten state. Thus cuprous 
oxide makes glass red, cobalt oxide makes it blue, chromium 
oxide makes it green, and so on. 


UDiversity Examination Questions. 

« • 


1. How is glass made ? What is the difference between hard 
glass and soft glass, (<i) in manufacture, {b) in behaviour ? What 
is soluble glass ? [A. 06]. 

2. What are the composition, properties and* uses of glass ? 


^A. 08J. 

3. Write a short essay of not'more than three pages on glass. 
[A.* 1913]. 





PART III. 

METALS. 


OHAPTEB XXVII. 

THE UETALS. 

General Charaeteristics of Metals.— physical 

peculiarities of metals are thu they have what is called 
^metallic lustre’: they are generally heavy, opaque, good con> 
doctors of heat and electricity, ductile (i. e., can be drawn 
into fine wire), and malleable (t. e., can be hammered into thin 
sheets). 

Their chemical characteristics are that metals replace the 
hydrogen of aci()s to form salts, and generally form basic 
oxides, i. e., oxides which neutralise acids and form salts.. 
Metals readily form compounds with non-metals (excepting 
hydrogen), and are electro-positive, i. e., appear at the negative 
electrode when their comp aunds are decomposed by electricity. 

Extraction of Metals. —Only some metals, vie. bismuth, 
copper, gold, platinum, and silver, are found in the native 
state. All other metals occur as compounds, knoi^'u as 
minerals. These compounds are also called the ores front 
which the metals are extracted. 

The extraction of metals from their ores is the subject- 
matter of Metallurgy. Generally there are two steps in the 
process of extraction, viz.., (i) roasting, i. e., heating the ore to 
red-heat in sufficient air, and (a) reducing. By roasting the 
ore we get rid of water, carbon dioxide, sulphur, &c; and 
thus usually the oxide of the metal is left behind. Reduction 
to the metslUc state is effected by simple heating (as in ^e 
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cases of oxides of mercury and silver) or heating with,a redne- 
ing agent, such as carbon or carbon monoxide 

PbO + C - Pb + CO. , 

FejO, + 3CO • iFe + 3CO,. 

A metal is also extracted by subjecting one of its salts (in 
4 state of fusion or solution) to electrolysis or to the influence 
of some other suitable metal. Thus copper is obtained by 
electrolysing copper sulphate solution, or by placing a strip 
of iron in the solution— 

sCuSO* + 2 U ,0 *■ 2Ca + 2HaS04 + O9. 

CuSO^ + Fe — Cu + FeS04. 

Oompoun^ of Metals.—These are mainly classified thtm: 

(1) Oxides and Hydroxides, i. e. compounds with oxygen 
and hydrogen. 

(2) Chlorides, Bromides, and Iodides, i. e, compounds with 
chlorine, bromine, and iodine. < 

, (3) Sulphides and Hydrosulphides, i. e. compounds with 
sulphur and with sulphur and hydrogen. 

(4) Chlorates, Chlorites, &c., t. e. salts of the oxy>acids of 
chlorine. 

* (5) Sulphates and Sulphites, 1. e. salts of sulphuric and 
and sulphurous acids. 

(6) NUroaes and Nitrites, i e. salts of nitric and nitrous 
■acids. 

(7) Carbonates, i. e. salts of carbonic acid. 

(8) -^Phosphates, i. e. salts of phosphoric acid. 

(9) Borates, i, e. salts of boric acid. 

(10) Silicates, i. e. salts of silicic acid. 

Preparation of Oxides and Hydroxides.— Oxides of 

metals are prepared (1) by healing the metals m air or oxygen, 

(ii) by the action of some metals on water, (iii) by heating 
nitrates and carbonates, and (iv) by strongly heating precipi - 
-tated hydroxides. 

In the case of the metals of the alkalies and alkaline earths, 

I ' 

the hydroxides are formed by direct union of their oxidea with 
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water. Hydrotides of the other ihetals are insoltible, and are 
obtained by pfe&ipttating^ solutions of the respective salts by' 
means of an alkali. 

Pr^pa^atioll of Salts. —See p. 89. To prepare a solu¬ 
ble salt, the carbonate of the metal is dissolved ini the proper 
acid, and then the salt is obtained by filtration or decantation 
and evaporation. An insoluble salt is generally prepared by 
pfecipitation. ' 

Soluble and Insoluble Salts.— AW chlorates and nitrates 
are soluble in water. All chlorides (excepting those of lead 
and silver, and cuprous and mercurous chlorides) are soluble. 
Sulphates are also soluble (excepting those of cafcium, barium, 
strontium, and lead). Sulphides, carbonates, and phosphates 
are insoluble (excepting those of the alkalies). Acid salts 
of soluble acids are soluble, basic salts are insoluble. [See 
Appendix]. 


CHAPTER XXVIII. 

SODIUM AND POTASSIUM. 

General Stoilarities. —The metal sodium and potassium 
(together with the metals lithium, rubidium, audictesium) form 
a group called the alkali metals. They are silvery-white, soft 
solids which rapidly tarnish in moist air, and decompose 
water at ordinary temperatures. They form strong alkaline 
solutions and their carbonates are soluble in water. They are 
monovalent, and readily unite with chlorine. 

SODIUM. 

' 

Symbol No. Atomic Wkioht 23. 

Occurronco. —On account of its strong attraction for oxy¬ 
gen, sodium does not occur free in nature. But the following 
of its compounds are found in plenty :—(1) Sodium chloride 
or common salt, which occurs in the solid state as rock-salt 
and in solution in sea-water; (2) Sodium nitrate, also called 
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Chili salfpttre or cubic nifre ; (3) Sodium carbonate^, which 
occurs in the ashes of sea-plauts, and as crusts' on' the soil^ 
(c&Iled irona and m/rott, whence the name ol the teetal 

^ V * 

^natrium’ is derived), ' ' 


Preparation —(i) Davy who discovered sodium obtained 
it by the electrolysis of melted caustic soda. 

zNaOH - H,'+ O. + zNa. - . 

' V ' 

(2) Sodium was hitherto manufactured by distilling (a) ^ 
mixture of sodium carbonate and charcoal, or ( 5 ) a mixture of 
powdered iron, charcoal, and caustic soda : 

NagCOa + 2C * zNa + 3CO. 
bNaDH + zC - zNajCOa + 3 fds + sNa. 

(3) . It is now manufactured by the electrolysis of fus<td 
caustic soda or fused sodium chloride, (a) The first method^ 
devised by Castner, is an improvement of Davy’s origihat 
plan. As the result of the decomposition of caustic soda, 
oxygen is liberated at the anode, while sodium and hydrogen 
liberated at the cathode rises up into a receiver. The gases 
are allowed to escape, and the metal is collected, (b) The 
ktter method is that of Borchefs. In this process, sodium 
(produced in the cathode) immediately fi jws into a receiver, 
and chlorine gas (liberated at the anode) escapes through a 
pipe and is collected for its own uses. 

PpOpSPtidS: Phyaioal .—Sodium is a soft silver-white 
metal having (when freshly cut) a bright lustre. It is lighter 
than water, its specific gravity being 0*974 nearly. Sodium 
forms with potassium a liquid alloy which is used in the 
construction of thermometers. 

Chemioo.!.—Sodium has strong attraction for oxvgsn. 


Hence— 

(d) It is kept under petroleum (which is free from oxygen). 

(^) When exposed to the air, it tarnishes owing to the 
formation of sodium monoxide. It burns in the air with a 
yellow fiame, forming sodium monoxide and dioxide. Sat 
perfectly dry air or oxygen has no action on sodium. 
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■ (e) It is used as a reducing agent in the preparation of 
aluminium and magnesium. 

{id) When it is thrown on water, hydrogen is evolved and 
caustic soda formed. faNa+aHjO-zNaOH + H,]. 

Sodium and potassium dissolve in liquid ammonia. 

« 

Compounds op Sodium. 

\ 

Sodium Monoxide, NaaO.—This is a grey solid, prepared 
]by heating sodium to i8o^ in the air. It readily unites with 
water, forming caustic soda. [NagO+HjOsrsNaOH]. 

Sodium Dioxide or Peroxide, Na,0,.—This is a yel¬ 
lowish white solid, prepared by heating sodium to about 300° 
in excess of air or oxygen. It is a powerful oxidizing and 
bleaching agent. When thrown into water, it evolves oxygen ; 
but when cold mter is used, hydrogen peroxide is formed : 

^ Na, 0 , + zHgO = aNaOH + HjO,. 

When it is treated with dilute hydrochloric acid, a solution of 
common salt and hydrogen peroxide is formed which is largely 
used as a bleaching agent: 

NajOa + 2HCI = zNaCl + HjOj. 

Sodium Hydroxide or Hydrate, NaOH, commonly 

called eauslic soda. It is obtained (i) by the action of sodium 
on water, («) by dissolving an oxide of sodium in water. 
{lit) On the large scale, it is prepared by boiling (in a 

.silver or an iron dish) a solution of sodium carbonate with 
slaked lime: 

Na^COs "b CEC03 + zNaOH. 

The clear liquid thus obtained is concentrated by evaporation 
and cast into sticks, (lu) It is now also manufactured by the 
electrolysis of brine (i t. a solution of common salt in water). 
There are several types of the electrolytic process, in all of 
which chlorine (evolved at the anode) is collected for making 
bleaching-powder, while the sodium (liberated at the cathode) 
unites'With water -to form' sodium hydroxide. 
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Caustic soda is a white, deliqueiceni, strongly alkalint solid 
which corrodes the skin and absorbs carbon dioxide rapidly 
(p. 149). Thus when exposed to the air, caustic soda at first 
becomes liquid and then solidifies (owing to the formation of 
sodium carbonate). It liberates ammonia gas from ammonium 
salts, and its aqueous solution precipitates less soluble bases 
of metals from solutions of their salts ; e. g .— 

NH*a + NaOH « NaCI + H3O + NHg. 

ZnSO^ + 2NadH =» NajSO* + ZnHaOg. 

Caustic soda is soluble in alcohol, and is extensively used 
in,the manufacture of soap, paper, &c. 

Sodium *Ohloride, MaCl.—Common salt occurs in large 
masses as rock-salt at Stassfurt, in Lancashire, and otheV 

t 

places where it is dug out of mines. It is also obtained by 
evaporating sea>water and the water of artificial saline springs 
or wells. In warm countries the evaporation is effected by 
exposing brine in flat basins to the sun’s heat. In temperate 
regions, the brine is dripped over 'ricks’ or piles of brushwood 
or twigs: the liquid thus concentrated by the action of the 
jvind, is then boiled, whereby crystals of the salt are obtained. 
Pure sodium chloride is obtained by passing hydrochloric acid 
gas into a saturated solution of common salt; the sodium 
chloride (which is less soluble in the acid than in water) is 
thereby precipitated, while impurities remain in solution. 

Sodium chloride forms anhydrous crystals; but frequently 
the presence of magnesium chloride renders common salt 
hygroscopic. It is almost equally soluble in hot and cold water. 

. Besides being a necessary article of food, common salt is 
* valued as a preservative of fish and meat and is the basis of 
the preparation of ail sodium compounds and of all chlorine 
compounds as well as of the elements themselves. 

Sodium Oarbouftto, Na«COs> commonly called soda. It 
forms crystals having the composition (Na^COs. ioH, 0 ); 
but when exposed to the air, it loses water and falls to powder. 
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It dissolves in witer, giving an alkaline solution. It is essen¬ 
tial to the manufacture of soap and glass, and is largely used 
to soften water for washing purposes. Hence .its name ‘wash¬ 
ing-soda.’ ^ 

I 

Originally it was prepared from the ashes of sea-plants. 
But now it is manufactured by the following three methods. 

The Leblanc ntethod.—It consists of three processes : 

(i) Sali^cake Process.—Comm^ia salt and sulphuric acid 
iia required proportions) 
are heated in an iron-pan 
(Pin Fig. 47). The re¬ 
sulting acid sodium sul¬ 
phate (NaHS04) together 

with the unchanged so¬ 
dium chloride is then raked on to the hearth of the roasters 
(/?, R) where it is strongly heated by the flames from the 
furnaces (/,/) and is converted into sodium sulphate ('salt- 
cake'). The two reactions involved are these— 

NaCl + H.SO* = NaHSO* 4- HCl. 

NaCl + NaHSO* - Na^SO* + HCl. 

[The evolved hydrochloric acid gas passes up the flue (r) and 
IS dissolved in water to form commercial hydrochloric acid], 

(li) Blachash Process. —The sodium sulphate is then 
s'^rongly heated with powdered coal and limestone (CaCOs) 
in a reverberatory furnace : the following two reactions take 
place simultaneously, and a mixture of sodium carbonate and 
calcium sulphide (’black-ash’) is finally obtained— 

Na^SO^ + 4^ * NajS + 4(*0| 

Na^S 4* CaCOg * Na2COg4" CaS. 

(iii) Lixivaixon .—The black-ash is then boiled with water; 
whereby the insoluble calcium sulphide is deposited, and a 
solution of sodium carbonate is obtained. This solution •$ 
then poured off and evaporated, till it crystallizes on cooling. 


h' '"'I IIiiiiiii H^^I 



Fig. 47. 
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! TfiB Ammonia-Soda or Sqiody Method.—In this method 
hriae an aqueous solution of common salt) is drst saturat¬ 
ed with ammonia, and then carbon dioxide Is passed into the 
ammoniacal liquid under pressure of about two atmospheres. 
-Sodium bicarbonate and ammonium chloride are formed— 
NaCl + HjO + COa + NH» ■= NaHCOj + NH4CI. 

Soiium bicarbonate being less soluble is precipitated from 
the solution; it is then filtered off and converted by heat into 
-sodium carbonate— 

W, 

aNaHCOa • NajCOg + HjO + COj. 

The evolved carbon dioxide and the ammonia (recovered 
from by heating it with lime) are used over again, 

The Electrolytic Method. —Sodium carbonate is'now also 
manufactured by causing electrolytically prepared sodium 
hydroxide to combine with carbon dioxide. 

. Sodium Bicarbouhte, NaHCOj. — It i j prepared in the 
A.mmonia-Soia process as described above, or by passing 
-carbon dioxide into a saturated solution of sodium carbonate'— 

NajCO# + HjO CO2 - iNaHCOg. 

When heated, it gives off carbon dioxide, ft is largely 
used in medicine, and is an ingredient of baking-powder. 

Sodium Sulphate, Na^SOi.—It is commonly known as 
Glauber's sail, and is used in medicine as a purgative. It is 
usually obtained (i) by the ‘salt-cake process’ as above des¬ 
cribed. It is also prepared (ii) by conducting a mixtur«.>of 
sulphur dioxide, air and water over heated sodium chloride 
(Hargreave’s method), and (iii) by the double decomposition 
of magnesium sulphate and sodium chloride— 

aNaCl + SO, + O -h HgO = NagSO* 4 2HCI. 

MgSO, + 2NaCl - MgCl, + NajSO^. 

It unites with ten molecules of water to form efflorescent 
crystals (NasSO^, ioH,0). 

Sodium Nitrate, NaNO,.—Known as or 

nitre, H occurs hi larg& quantitijBS in SOuth America. .As 
14 
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it absorbs moisture from the air, it cannot be used in the 
manufacture of gunpowder. Nitric acid and potassium nitrate 
are prepared from it, 


Testa Jot Sodium. 

I. Sodium is distinguished by the characteristic yellow 
line present in its spectrum. 

a. When a sodium salt is introduced on a loop of platinum 
wire into a Bunsen flame, the flame is coloured intensely yellow. 

University Examination Questions. 

1. Compare the physical and chemical properties of 
iron and mercury [C. 1912]. 

2. How is caustic soda prepared? State its propehies ? What 
happens when a solution of caustic soda is added to a solution of 
{a) potassium nitrate, {b) zinc sulphate, and (c) ammonium chloride ? 
[C. iQio]. How is caustic soda prepared on a manufacturinQf 
scale ? Describe its properties and its chief uses in the arts and 
in the laboratory [C, 1913, 16]. What happens when a solution 
of caustic soda is added to {a) calomel ; (b) corrosive sublimate ; 
and (c) blue vitriol ? [C. 1913]* 

3. Write what you know about sodium chloride — the various 

sources from which it islobtained, methods employed for obtaining 
it, its properties, reactions, and uses. [C. 1912]. * 

How are the following substances prepared from sodium 
chloride ?— (a) sodium carbonate, (b) caustic soda, (c) hydrochloric 
aeid [A. 1910], ^ 

4. Describe any method which you know of preparing sodium 
carbonate from common salt* [A. 02]. Describe fully the manu¬ 
facture of sodium carbonate.. [A.06]. How is carbonate of soda 
commercially prepared ? State its properties, and indicate its chief ‘ 
laboratory and industrial uses. [C. 1911]. 

POTASSIUM, 

* I 

SvHBOi, K. Atomic Waicar 39. 

Occurrence. —^Potassium does not exist in the ^free stat4’ 
in nature, but its -compounds are widely distributed, . L^nd- 
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plants contain various potassium compounds, and their ashes 
(called w 9 od-ath or pearl-ash) yield potassium carbonate. Other 
natural compounds of potassium are the following:— 
a double suicate of aluminium and potassium, (s) Camallite^ 
a double chloride of magnesium and potassium, and (3) Nitre 
or saltpetre. 

Preparation. —Potassium is obtained (i) by the electroly¬ 
sis of fused caustic potash, (2) by distilling potassium carbonate 
with charcoal, or (3) by distilling a mixture of powdered iron 
and charcoal with caustic potash. [Compare preparation of 
sodium ] 

Properties : Physical. — Potassium is a lustrous, white, soft 
metal. Its specific gravity is 0 87. 

ohsmical.— Potassium has strong affinity for oxygen. When 
4 t^ted in the air, it burns with a violet light. Its bright sur- 
face>apidly tarnishes .when exposed to the ai r ; it is therefore 

* kept under mineral naptha. It acts upon water with great 
energy, causing the ignition of the liberated hydrogen and the 
formation of caustic potash. Potassium forms an explosive 
compound with carbon monoxide, and explodes violently with 
sulphuric and hydrochloric acids. 

• Compounds op Potassium. 

Oxides of Potassium.— There are several oxides of 
potassium of which the monoxide (K^O) and the peronide 
(KOg) are the chief. These readily unite with water forming 
caustic potash. 

. Potassium Hydroxide, KOH.— Commonly called caus¬ 
tic potash, it is formed when potassium acts upon water. It 
used to be prepared by boiling a solution of potassium carbo¬ 
nate with slaked lime— 

KjCOi + CaHjOa - 2KOH ■+• CaCO,. 

* It is now obtained by el^trolysis of a solution of potassium 
chloride* [See prej^ratioa of caustic soda]. 
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Potassium hydrate is a white solid havlog strong alkaline 
and caustic properties. It has great affinity for water and 
absorbs carbon dioxide, so that when exposed to the air, it is 
converted into a concentrated solution of potassium carbonate 
{^CJ. the behaviour of caustic soda). It is used in the manu¬ 
facture of soaps. 

PotassiaiOL Chloride, KCl.-—It is obtained from deposits 
of carnallUe (KCl, MgCI^,, 6 H, 0 ). It may also be prepared 
by the action of hydrochloric acid on potassium carbonate. It 
is a deliquescent soluble salt. » 

Potassium Chlorate. KClOs.—It is obtained by passing 
chlorine into a strong and heated solution of caustio potash : 

6KOHH-3CIj - KClOa + 5KCI + 3H9O. 

On the large scale, it is prepared by passing chlorine into 
calcium hydrate, and then adding to the resultant solution ^ 
required quantity of potassium chloride— 

6CaH90g + 60)9 * CafClOglg + 5CaClj] + 6H2O. 

CafClOala + 2KCI - CaClj -I- 2KCIO,. 

It is now also manufactured by electrolyzing potassium 
chloride solution. Potassium chlorate is found in white 
crystals It is decomposed by heat, and is a powerful oxidi¬ 
zing agent. Its mixture with sulphur or red phosphorus 
explodes by friction or percussion. Hence its use in the 
manufacture of matches and fireworks. 

[Potassium Bromide (KBr) and Iodide (KI).—These 

are prepared, as in the case of potassium chlorate, by adding 
bromine or iodine to caustic potash. Both are soluble salts 
and are chiefly used in medicine and photography. Potassium 
iodide is a good solvent for iodine.] 

Potassium Carbonate, K,CO,.—It may be obtained by 
evaporating the solution of wood-ash. It is now generally 
prepared from potassium chloride by a process similar to the 
Leblanc Method. It is a very deliquescent salt \C/. sodium 
carbonate which effloresces), easily soluble in water, and hav-' 
ing alkaline properties. When carbon dioxide is passed through 
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a cold saturated solution of this salt, potassium bicarbonate - 
(KHC 0)8 Is formed. [See p. 149]. 

Potaasittm Sulphate, KjSO^.—This salt is prepared 
by the action of sulphuric acid on potassium carbonate or 
nitrate or chloride. 

KaCOg + H2SO4 - KaSO* + CO, + HaO 

aKNOa + HgSO^ = KaSO* + 2HNO3. 

Potassium Nitrate, KNO,.—Commonly called ni/re or 
saltpetre, is found in hot countries as an incrustation on the 
earth, as a result of the oxidation of nitrogenous organic 
matter in the presence of the potash in the soil. This forma* 
tion of niti% is called ‘nitriAcation,* It is now prepared by 
treating sodium nitrate with potassium chloride. .It is chiedy 
used in the manufacture of nitric acid and gunpowder. 

Gunpowder, — This consists of charcoal, sulphur, and nitre. 
When the gunpowder is Ared, the nitre is decomposed: its 
nitrogen is set free, the oxygen unites with carbon to form 
carbon dioxide, and the potassium unites with sulphur to form 
potassium sulphide (K^S) which when blown out appears as 
smoke — 

2KNO3 + S + 3C = KjS 4 - Na + 3COs. 

The heat produced is very great, about *200°; and the 
explosion is caused by tlie sudden expansion of the gases. 

Tests for Potassium, 

Dry Tests .—i. Potassium has two characteristic lines^n its 
spectrum, one red and the other violet. 

2. When a potassium salt is introduced on a loop of 
platinum wire into a Bunsen dame, a lavender or violet tint is 
imparted to the dame. [When sodium is also present in the 
salt, the violet tinge of potassium is masked by the yellow 
colour of sodium : in such cases a blue- glass must be used, 
through which the violet dame alone is visible]. 

Wei Tests .—1. When a little platinic chloride is added to a 
solution of potassium chloride, a yellow precipitate (of the 

f 

'double chloride, PtCl^, 2KCI) will be formed. 
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3. When a strong 'solution of tartaric acid is added to a 
solution of a potassium salt, and the mixture is shaken or 
stirred, a white crystalline precipitate (of acid potassium tartar* 
ate) will be formed. 

University Examination Questions. 

1. How is potassium prepared ? What are its physical and 
chemical properties ? Name and prepare the halogen compounds 
of Potassium and Sodium. [A. 09.] 

2. Starting from potassium carbonate how would you prepare 
(i) nitre, (2) caustic potash ? What weight of caustic potash should 
be obtained from 69 grams of potassium carbonate ? [A. to], 

CHAPTER XXIX. 

OALUinU, STRONTIITM. BARIUM. ‘ 

General Similarities. —The metals calcium, strontium 
and barium are called metals of the alkaline earths, and exhibit 
marked resemblances with one another, (i) All of them have a 
white colour and are heavier than water, (ii) They are never 
found in nature in the free state, being tarnished by exposure 
to damp air. (iii) They form oxides which behave alike as 
regards solubility, alkalinity and causticity, (iv) All of them 
decompose water at ordinary temperatures. (v)They all. form 
insoluble carbonates, 

CALCIUM. 

Symbol Ca. Atomic Wkioht 40. 

Occurrence. —The chief natural compounds of the metal 
are (i) the carbonate (CaCOa) in the form of calcspar, chalk, 
limestone, marble, coral, &c ; (2) the sulphate (CaS04) in the 
iorm oi anhydrite and gypsum; (3) the flouride • (CaFg) as 
fluorspar ; and (4) the phosphate, as apatite and phosphorite, 
as also bones of animals. 

Prepuration. —The metal is obtained (i) by the electro¬ 
lysis of fused calcium chloride^ or iodide, or (ii) by heating 
calcium iodide with sodium : 

Cals 4 - 2Na = 2NaI + Ca. 
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PrOpdrti68- —Calcium is a soft silver-white metal. It 
tarnishes in contact with moist air and decomposes water, as 
sodium does, It bums when heated in the air. 

Compounds of Calcium. 

Cftloiam Oxide, CaO, commonl}^ called lime or quicklime. 
It is prepared by heating limestone or mollusk shells, 

CaCO, - CaO + CO^, 

On the large scale, it is prepared in specially constructed 
egg-shaped furnaces, called lime-kilns, in which either (i) lime¬ 
stone is fed from the top and heated at the side near the 
bottom, or (tt^ limestone and coal are thrown in alternate layers, 
the product being in both cases withdrawn at the bottom. A 
free passage of air is allowed into the kiln and tlie heat is 
carefully regulated. 

Lime is an infusible substance-:, when heated in the flame 
of the oxy-hydrogen blowpipe it emits an intensely brilliant 
light called lime-light. It absorbs moisture and carbon dioxide 
form the air, and unites energetically with water. 

Oalcium Hydroxide, Ca(HO)2, commonly known as 
'slaked lime. When water is added to quicklime, much heat 
is evolved and calcium hydrate is formed. This process is 
called slaking. 

Slaked lime is a white powder moderately soluble in water. 
A thick solution of slaked lime is called milk of lime. The 
saturated solution, called lime water, has all the properties pf 
an alkali and is used as a test for carbon dioxide. 

.Slaked lime is a good disinfectantiind manure, and i^ used 
in>*tbe preparation of mortars, cements, glass, bleaching-powder, 
Ac. The ‘setting’ of mortar is due to the combination of slaked 
lime with carbon dioxide of the air to form calcium carbonate. 

CskH2^2 ^ COj • GaCO^ -b HgO. 

Galcium Chloride, CaCl^.—It is prepared by dissolving 
chalk or marble in hydrochloric acid, and then evaporating the 
solution— 

. CaCO# + 2HCI« CaCI, + COj + HgO. 
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It is also obtained as a bye-product in the manufactuffi'of 

ammonia and in the Ammonia-Soda Process. 

It occurs in colourless, deliquescent crystals (CaClg, 
6 HgO); but when heated to 200° it loses most of its water 
and forms a porous mass known as ‘fused chloride of calcium.’ 
In this anhydrous form it is highly hygroscopic, and is used 
in drying gases (excepting ammonia with which it forms a 
compound). Calcium chloride crystals are very soluble in 
water, and form a freezing mixture when mixed with ice, 

Bleaehingr-powder op Chloride of Lime, CaOCl,.'-It 

is prepared by passing chlorine over slaked lime., There are 
two theories with respect to its composition ; it was formerly 
regarded as a mixture of calcium chloride and calcium hypo¬ 
chlorite, formed as represented by the equation-^ 

zCaHgOg + 2Cla = CaClg,Ca(OCl)a + zHgO. 

The* modern theory is that bleaching-powder is free from cab 
cium chloride, and is formed thus— 

CaHgOg -f- Clg - CaOClg + HgO. 

Bleaching-powder slowly gives up its chlorine when exposed 
to the air (owing to the action of carbonic acid gas). It is' 
theiefore usecPas a disinfectant. The addition of an acid to 
it causes a rapid evolution of chlorine; this fact is* made use of 
in bleaching operations. 

CaOClg 4- HgSO* = CaSO* + HgO + Clg. 

. CaOClg + 2 HCI = CaClg + HgO -I- Clg. ,, 

Calcium Carbonate. CaCO^.—This compound is found 
in nature in various forms. It may be prepared by the action 
of carbon dioxide on lime or by precipitating calcium chIori<je 
with an alkaline cait>onate, e. g. — ' 

CaClg > NagCOg - CaCOg + 2NaCl. 

Calcium carbonate is nearly insoluble in water. 

Calcium Sulphate, CaS04.—In the pure state it is found 
in nature as anhydrite. Gypsum (of which there are several 
varieties) contains two molecules of water. When heated, 
gypsum loses its water and forms a powder called Plaster of 



STRONTIUM AND BARIUM. 


21T 


Paris, A paste of Plaster of Paris will, water ‘sets^ to a hard 
mass. ' It Is therefore used in making casts. Gypsum is also 
a very good fertiliser. Calcium sulphate is slightly soluble iu 
water, and its presence renders the water 'hard.' 

Tests for Calcium. 

Dry Rtadion. —Salts of calcium, when moistened with hydro¬ 
chloric acid, impart an orange-red colour to the Bunsen flame. 

Wet Ammonium carbonate or oxalate gives, 

with solutions of calcium salts, a white precipitate of calcium 
carbonate or oxalate. 

t 

UDiversity Examination Questions- 

% 

I. Compare and contrast the properties of the alkali metals 
with those of the alkaline earths, making particular reference to 
the periodic table [A. 191;]. 

• 2, How is marble converted into quicklime ? Describe the 
efifects of adding (a) hydrochloric acid, ( 3 ) water, to each of these 
substances, and state the conclusions to which these experiments 
lead. (C. 1910]. 

' 3, Distinguish between quicklime slaked lime. How are 

they prepared on a large scale and what are their principal uses ? 
How would ^oa prepare a sample of pure anhydrous calcium 
chloride from either of them ? What are the principal uses of fused 
calcium chloride in the laboratory? [C. 1912]. 

4. Describe the process of manufacture of quicklime. How 
would |rou prepare the chloride, the sulphate, and the carbonate of 
lime from the oxide ? State the different uses to which the above 
salts are put in the laboratory and in the arts. [C.^ iQMI- 

5* Explain how the* molecular formula for the oxide, hydroxide 
and chloride of calcium have been determined. [C. 1911]. 


\ STRONTIUM (Sr), atomic weight 87'6. 

1 BARIUM (Ba), atomic weight 137‘4. 

• These metals closely resemble calcium. They are pre¬ 
pared by electrolysing their fused chlorides. The natural 
compounds of the metals are their carbonates and sulphates— 
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strimiianite (SrCO,), wUherUe (BaCO,K celestine (SrSO*), 
and barytes or heavy spar (BaSO*). The other impQrtant 
salts are the chlorides and nitrates. The former, SrCl. 
and BaCl,, are prepared by dissolving the natural carbonates in 
hydrochloric acid ; and the latter are produced by dissolving 
the natural carbonates in dilute nitric acid. Barium nitrate 
iDdy 'also be prepared by mixing hot saturated solutions of 
barium chloride and sodium nitrate. Sr(N03>2 and Ba(N03), 
are chiefly used in pyrotechny for the production of red and 
green fire respectively. 

The oxides of the metals are the monoxides and the 
dioxides. The monoxides, SrO and BaO, are • commonly 
known as slrontia and barvfa, and are prepared by heating 
the nitrate or the carbonate of the metals. * 

2Ba(NOa)9 - aBaO + 4 NOs + O,. 

When the monoxides are treated with water, heat is evolved, 
with the formation of the hydroxides (SrH^Oj and BaH.O,) • 
which are similar in properties to calcium hydroxide. Strontium 
hydroxide is used in sugar-refining. 

When baryta is heated in a stream of air or oxygen, barium 
dioxide(BaOf) is formed, which when further heated is reduced 
to the monoxide. It is used in preparing oxygen and hydro¬ 
gen peroxide. 

Tests for Strontium and Barium, 

Dry Reactions .—Salts of strontium (moistened with hydro¬ 
chloric acid) impart a crimson colour to the Bunsen iiarae. 
Salts of barium tinge the flame yellowish green. 

Wet Reactions. —i. Strontium and barium salts give, with 
calcium sulphate or sulphuric acid, white precipitates of 
strontium sulphate and barium sulphate respectively. The latter 
is formed immediately and is insoluble in water, acids, and 
alkalies. Strontium sulphate is feebly soluble in water and dilute 
acids, but dissolves in boiling solutions of alkaline carbonates. 

2. Solution of potassium chromate gives, with barium 
salts, a yellow precipitate of barium chromate (which is soluble 
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in hydrochloric and nitric acids). Thfs test afEords the dis¬ 
tinction among calcium, strontium and barium. 

University Examination Qnestions. 

1. Explain carefully how you would prepare a sample of 
pure barium nitrate from barium chloride. Give full details of 
all operations you would perform. [A.1911]. 

2. Describe shortly in what manner the sulphates of barium 
strontium, calcium, and lead differ from each other with regard 
to their solubility in water, and their respective behaviour with 
various other solvents. 

' CHAPTER XXX. 

MAGNESIUM AND ZINC. 

General Similarities. —Magnesium, zinc, and cadmium 
form a group having many properties in common. AU 
those metals are white, volatile at high temperatures, tarnish 
by exposure to moist air, and burn with a bright flame. 
They are divalent, dissolve in dilute acids and form similar 
compounds. Magnesium and zinc decompose water only at 
high temperatures. 

MAGNESIUM. 

^fevMBOL Mg. Atomic Weicht 24 2. 

Occurrence. —Magnesium occurs plentifully in nature 
* in a state of combination. Its chief natural compounds are 
(i) magnesite (MgCOg) and dolomite (a double carbonate of 
magnesium and calcium); (ii) kUteriit (MgS04, ; 

(iii) carnallite (a double chloride of magnesium and potassium ); 
(le) /a/c, hornblende, asbestos^ &c. which are essentially mag> 
nesium silicates. 

Preparation.—It was formerly prepared by heating in a 
crucible a mixture of magnesium chloride and sodium. Now 
it is manufactured by electrolysis of fused carnallite. 

’ Properties. —See above. Magnesium is a white, ductile, 
malleable metal. Its specific gravity is 17. It melts at 
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a red heat, and when heated in the air it burns with a dazzling^ 
light with the formation of the oxide. Hence Its use in 
signalling, photography, and pyrotechny. It readily decom¬ 
poses dilute sulphuric and hydrochloric acids with the evolu¬ 
tion of faydrjOgen. It decomposes water slowly at boiling 
temperature. When heated in nitrogen, magnesium unites 
with it to form magnesium nitride (Mg,(N,). 

Compounds of Magnesium. 

Hagrnesium Oxide or Magrnesia, MgO.—It is a white, 

infusible powder, and is generally prepared by heating 
magnesium carbonate. It dissolves in water with difficulty, 
iotmiag Magnesium Hydroxide, Mg(HO),. 

Magrnesiuin Chloride^, MgCl,.— It occurs in cainallite 
and in sea-water. As crystals having the composition (MgC^, 
6 H„ 0 ) it may be obtained by dissolving the metal magnesium 
(or its oxide or carbonate) in hydrochloric acid. These crystals 
are partly decomposed by heat into magnesium oxide and 
hydrogen chloride. 

To obtain the anhydrous chloride we have to add ammo¬ 
nium chloride to the solution of magnesium chloride: on 
evaporation and ignition ammonium chloride volatilises and 
dry white crystals of magnesium chloride are letc behind. It 
is deliquescent and soluble in water. 

Mag'nesium Sulphat6, MgSO*.—Originally it was pre¬ 
pared by. dissolving magnesium carbonate in dilute sulphuric 
acid— 

MgCOs -I- HjjSOi - MgSO* f COa + HaO. 

Thus prepared, magnesium sulphate forms soluble crystals 
having the composition (MgSO*, 7H,0) and is known as 
Epsom sal/s. Now it is obtained from the natural compound 
kieseriie (MgSO*, HjO) which is only slightly soluble. It is 
used in medicine as a purgative. 

Maguesiam Carbonate, MgCOs. —It occurs in nature 
as magnesite and is also found in dolomite. What is commonly 
called magnesium carbonate {magnesia alba) is a mixtdl'e of. 
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tbe npnnal carbonate and magnesium hydrate in varying pro¬ 
portions ; it is prepared by mining sohitions o{ magnesium 
sulphate and sodium carbonate— , 

4MgS04 + 4 ^ajCOs + HjO 

- SMgCOa, MgHgOa + 4Na3SO* + CO*. 

*)m4 

Tests f<yr Magnesium,. 

Drv Salts of magnesium when strongly heated 

on charcoal before the blowpipe, give a white mass (i. e., 
magnesium oxide) which becomes pink when moistened with 
cobalt nitrate and heated again. 

Wet Reactions. — i. When sodium phosphate is added to 
a solution containing a magnesium salt together with ammo* 
nium chloride and ammonia, a white precipitate is formed. 

2 * Salts of magnesium are not precipitated by ammonium 
carbonate in the presence of ammonium chloride; whereas, 
under such circumstances, the salts of calcium, strontium, and 
bhrium are precipitated. 

University Examination Questions 

4 

Name the natural ores of magnesium. State the properties and 
bses of magnesium. How would you test for magnesium in 
magnesia by the dry and wet methods ? How would you prepare 
anhydrous ma;;nesium chloride ? [C. 1914.] 

ZINC. 

Symbol Zn. Atomic Wekjht and Molbculab Weight 66' 37 .^ 

Oc^rrence. —Zinc is found chiefly in the natural com* 
pounds calamine or zinc-spar (ZnCO,)and zinc-blende (ZnS). 

Preparation- —Zinc is extracted from either of the above 
ores. The ore is at first roasted in the air to be converted into 

A 4 

xinc oxide— 

ZnC03 “ ZnO + CO3. 
zZnS + 3^2 “ 2ZnO + 2SOj. 

The oxide is then reduced to the metal by heating with 
Charcoal or coal in tube*shapcd clay retorts — 

Zn'O + C «“ Zn + CO. 
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The vapours of the metal are now condensed in iron re¬ 
ceivers attached to the clay pipes. The metal thus prepared 
(known in commerce as spelter) generally contains some 
impurities. It is purified by repeated distillation. 

Properties: Physical.—Zinc is a bluish white crystalline 
metal. Its physical properties vary at different temperatures— 
when cold it is brittle, between locP to 150^ it is ductile and 
malleable, above 200° it is brittle again and can be powdered, 
at 430° it melts, and further heated in the air it burns with a 
bluish white flame producing zinc oxide. 

* Chemical.—Zinc does not oxidise in dry air, but in moist 
air it taripshes superficially. Pure zinc is vesy slowly acted 
upon by the acids, owing to a protective layer of condensed 
hydrogen being formed on the surface of the metal. But 
commercial zinc readily dissolves in the common acids with the 
evolution of hydrogen. Zinc liberates nitrous oxide from dilute 
nitric acid, and ammonia from the concentrated acid (p. 134). 
Zinc also acts upon boiling solutions of caustic soda and 
potashy forming the zincate and liberating hydrogen (p. 102). 

Uses of Zinc. —Zinc is used for ‘galvanizing’ iron, for 
making batteries, alloys (f. e. mixtures of metals), &c. Galva¬ 
nized iron is iron covered with a thin coating of zinc. Brass 
and Dutch metal are alloys of zinc and copper. 'German silver 
is an alloy of zinc, copper, and nickel. 

. ■ Compounds of Zinc. 

Zinc* Oxide, ZnO.—It is found in nature as red zinc ore, 
the red colour being due to the presence of manganese. It is 
obtained as zoh (tormeily caMed philosopher's wool) ^ 

burning the metal zinc in air. It is also prepared by heating 
zinc carbonate. Zinc oxide is white when cold, but yellow 
when hot. Under the name zinc-white it is used as a paint; 
tmlike white-lead, it is not' blackened by the sulphuretted 
hydrogen present in the air, • 

Zine oxide does not dissolve in water to form zinc hydroxide 
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(ZnH,Oj|) which is therefore prepared by adding soda or 
potash to a solution of zinc sulphate. 

Zinc Chloride, ZnCla.—It is a white deliquescent solid, 
prepared by the action of hydrochloric acid on zinc. It is a 
powerful dehydrating caustic and poisonous substance. As a 
disinfectant it is used under the name of BurnetCs fluid. 

Zinc Sulphate, ZnSO^.—it is obtained in the prepara¬ 
tion of hydrogen from zinc and sulphuric acid. It is manu¬ 
factured by roasting zinc-blende: the sulphide is partly 
converted into sulphate which is separated by means of water. 
Zinc sulphate forms colourless efflorescent crystals (ZnS04, 
yBgO.S and,is called m/w/. It is used as a medicine 
and in calico-printing. «. . 

2SillC Carbonate, ZnCOs.—It occurs in nature as cala¬ 
mine. It may be prepared as a basic carbonate (t. e,, a double 
carbonate and hydrate) by mixing solutions of sodium carbo¬ 
nate and zinc sulphate— 

3 ZnS 04 -h 3NaaC08 + zHjO 

=> ZnCOg.zZnfHOla -i- 3Na2S04 -f aCOj.. 

It is a white insoluble solid. 

I 

Teats for Zinc. 

Dry Rtaetion .—When a zinc salt is heated on charcoal 
before the blowpipe, it leaves a residue of zinc oxide which is 
yellow while hot, but becomes white on cooling. This when 
moist^ed with cobalt nitrate and reheated, becomes bright 
green. 

Wet Reaction.— Ammonium sulphide gives, with the 
"olution of a zinc salt, a white precipitate of zinc sulphide. 

2. Caustic soda or potash or ammonium hydrate gives, 
with the solution of a zinc salt, a white precipitate which is 
readily soluble in excess of the alkali. 

Uniyersity Examination Questions- 

* t. Mention the principal ores of zinc, and state bow the metal 
is (plained. Describe the properties and the chief uses of zicc- 
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[C. 19^3, l6]* What tests wouU you employ to ,detect ip 

sulphate of zinc ? [C. 1913} Give one dry and two wet tests for 
^inc [C. 1916]. 

3, What is the action of acids and alkalies on zint? Describes 
the preparation of zmc chloride and zinc sulphate, and give Ibeir 
properties {A< 1913]. 


CHAPTER XXXI. 

MERCURY. 

SvMBOL Hg. Atomic and Moj^bculas .Weight 200 . 

Occurrence. —Mercury is occasionally fouHd native, but 
■chiefly occurs as cinnabar (sulphide of mercury). 

Preparation. —(i) Mercury i« obtained by roasting cin« 
nabar in a current of air. The resultant vapour of mercury is 
condensed in chambers, while the sulphur dioxide passes out. 

HgS + Hj - Hg + SO*. 

Mercury thus obtained contains impurities. It is purified 
by filtering it through chamois-leather and then by shaking it 
with dilute nitric acid, or preferably, by distilling it in vacuo. 

(2) It is also obtained in the above way by heating cinnabar 
with quicklime : 

aHgS + 2CaO — 2Hg + 2CaS + O*. 

Properties : Physical. —Mercury is the silver-white lustrous 
liquid metal; hence it is also called quicksilver. It solidifies 
at —39° and boils at 357°. Its specific gravity is 13*6'. Mer¬ 
cury is mono-atomic. 

Chemical. —Mercury does not change in the air at ordinary 
temperatures; but when heated above 300° it oxidizes, forming 
I red oxide of mercury. Mercury readily upites" with the 
halogens and sulphur. It also unites with the metals (except¬ 
ing iron and piatinum), forming alloys called amalgams. It is 
therefore stored in iron bottles. 

Action of Aoids upon Aforot/rjy.—Hydrochlono acid has 
«o action on mercury. Strong and hot sulphuric; acid dis^lves 
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mercoFy,' with the formation of metcuric solpbata and eyolutioA 
of sulphur dioxide: 

Hg + 2 HjS 04 » HgSO^ + SOj + zHjO. 

Strong and hot nitric acid rapidly acts on it forming mer* 
curie nitrate, Hg(NO,),. When the dilute cold acid is used, 
mercurous nitrate, Hg,(NOg)4 is produced : 

3Hg + 8HNO, = 2Hg(NO,), + 2NO + 4HjO. 

6Hg + BHNOg • 3Hgg(NOs)j + 2NO + 4HjO. 

Aqua Rtgia dissolves mercury, with the formation of mercuric 
chloride: 

3Hg + 6HCI + sHNOg = 3HgCl + 2NO + 4HjO. 

Uses of .Mercury. —Besides its extensive use in medicine, 
mercury is used in silvering mirrors, in constructing barometers, 
thermometers,<S:c., in collecting gases in the laboratory, and 
in the extraction of gold and silver. 

Compounds of Mercury. 

• ^ 

Mercury forms two oxides, but no hydroxide. It also forms 
two series of salts, called mercurous and mercuric salts. Jn the 
former, mercury behaves like a monad ; in the latter, it acts as 
* a dyad. The vapour and the salts of mercury are poisonous. 

Mercurous Oxide, Hg^O,—Also called black oxide of 
mercury y it ks prepared by adding a caustic alkali to the solution 

of a mercurous salt. For example— 

HgjClg + 2 KOH - HgjO + 2 KCI + HgO. 

It is (Ranged by heat or light into mercuric oxide and mercivy. 

Mercuric Oxide, HgO.—Known as red oxide of mercury, 
it is obtained by heating mercury in the air. It is generally 
prepared (») by heating mercuric nitrate, or («) by adding a 
' 'caustic alkali to the solutfon of a mercuric salt {e,g, mercuric 
chloride), when the oxide is obtained as ah orange-yellow 
precipitate. 

2Hg(NOg), - aHgO + 4 NOj + O,. 

HgClg -I- 2NaOH - HgO -f- aNaCl + HgO. 

Mercurous Ohloride, HgCl.—It is generally known as 
}cahMel, and occurs in nature as iarn mercury. It is manufac- 
16 



/NQXGAJVIC CBSMlSrSK 


tattd by snblimiag an intimate mixture of mercuric obloride asd 
mercury, or a mixture of mercurous sulphate and commim salt: 

HgCl, + Hg « HgaCI,. 

HgtS04 + zNaCI « tigfCIs + NagSO^. 

It may also be prepared by precipitating it fronra solution of 
mercurous nitrate by means of hydrochloric acid or common salt: 

Hg»(NO«)s + zHCl « HgaCl, + zHNO*. 

Mercurous chloride is a white insoluble powder. It is changed 
by heat or daylight into mercury and mercuric chloride. 

MdPOUriC ChloridS, HgCl,. — Mso called corrosive su 6 li- 
mate. It is manufactured by subliming an intimate mixture 
of mercuric sulphate and common salt: 

HgSO* + zNaCI =. HgCl, + Na3S04.’ 

It may also be prepared by passing chlorine over heated mer* 
cury, or by dissolving mercury in agua regta. 

It is soluble in water and forms white crystals. When a 
clean strip of .copper is dipped in its solution, mercury is 
deposited on the copper. Mercuric chloride is a powerful 
poison and a valuable antiseptic. 

Mercurous Sulphate, Hg4S04.—It may be prepared by 
triturating mercuric sulphate with mercury. It forms white 
crystals which are slightly soluble. 

Mercuric Sulphate, HgSO^.—It is prepared by heating 
mercury with strong sulphuric acid. (See above). It is a white 
powder, and is decomposed by water with the formation of a 
yellow basic sulphate (Hg^SOo) known as Turpelh mineral. 

Mercuric Sulphide, HgS.—This is found in nature in the 
mineral cinnabar. It is obtained as a black amorphous powder 
by triturating mercury and sulphur or by passing sulphuretted 
hydrogen into a solution of mercuric chloride. When the blaclf 
powder is sublimed we finally get red crystals of mercuric 
sulphide, known as the pigment vermilion. 

Testa for Mercury. 

t I 

Dry Reaeiions. —i. When mercury compounds are heated 
with sodium carbonate or lime in a dry test tube, globules* of 
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Twts for Iron. 

Dry Rtaction. —'A salt of iron, when heated on a borax* 

i 

bead, becomes yellowish white in the oxidizing flame, and 
olive green in the reducing flame. 

Wet Reactions ;— 

WUh Ferric Salts 

1. Alkalies give Greenish precipitate of 

ferroms hydrate, turning 
reddish brown, 

2. PotasBium 

ferrooyanide gives A precipitate white at 

first, '^but afterwards 
turning light blue. 

3. PStassium 

ferricyanide , A dark blue precipitate Brown colouration ; but 

(Turnbull’s blue). no precipitate. 

Potassium ^ 

thiocyanate , No colouration (if the Dark blood-red colour- 

ferrous Balt is pure). atlon. 

University Examination Questions- 

1. Name the principal ores of iron. How is the iretal ex¬ 
tracted from these ? Siaie the principal uses of the three forms 
of this metal for various industrial purposes [C. 1911], 

2. Whaf^are the chief ores of Iron ? How is pig-iron obtained 
from its ores? [A. 03, 04]. How is iron extracted from its ores? 
[C. 98 ; A, 05, 08]. 

Wlj^t weight of iron can theoretically be obtained from j6o 
tons of haematite ? [C, 98]. What weight of iron can be obtained 
from 10 tons of ore containing 25 cent, of FcgOa ? [A. 03]. 

What is a blast furnace ? Make a sketch of one and des¬ 
cribe any manufacturing process in which a blast furnace is used 
[A, 

4. Describe the properties of steel, wrought iron, and cast 
iron. How is the latter manufactured ? Give a sketch with details 
of the furnace used. [A. 1913]. Describe the properties of Pig- 
^ron, Wrought iron, and Steel. How is the latter commonly 
manufactured? [A. 19x1]. How may cast-iron be converted into 
wrought*iron and steel ? [A. 05 j. 


With Ferrom Salts, 

Reddish brown pr<*oipi> 
late of f«rric hydrate. 


A fine blue precipitate 
(Prussfan blue). 
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Describe the Bessemer .process for converting cast*iron into 
steel. In what way is the process modified if the iron contains ' 
much phosphorus ? What is ‘spiegeleisen’ used for ? [A. 1914I. 

5. State the chief physical and chemical' properties of iroti 
[A. 08]. 

6. How would you prepare the hydroxides and chlorides of 
iron 7 Give the tests you would employ to distinguish ferrous and 
ferric salts. [C. 1913]. 

' 7. Mention a laboratory experiment in which ferrous sulphate 
is obtained as a by-product. Give the equation involved. How 
is ferrous sulphate obtained in the pure state ? State its properties 
and uses. [C. 1916]. 

CHAPTER XXXV. 

COPPER. 

Symbol Cu. Atomic Weight 63*6. 

OccurronCO-—Copper occurs native near Lake Superior, 
in China and in Japan. Its chief ores are—(i) copper pyrites, 
a double sulphide of copper and iron, CuFeS, ; (s) cuprite or 
ruhy copper, consisting of cuprous oxide, Cu ,0 ; .and (3) 
malachite, a double carbonate and hydrate of copper, CuCO,, 
CuHjO,. 

Extr&Ction.—Copper is generally extracted Crom copper 

pyrites, in which silica, 
arsenic and other impuri¬ 
ties are always present. 
The process of extraction 
is briefly this:—The ore 
is first roasted in a revef-. 

t 

Fig. 60 . beratory furnace (F%.50), 

and then fused with sand atja high temperature : by this means 
some impurities are burnt off, whilst the two products cuprous 
sulphide and silicate of iron are separated ^from each other. 
The coarse cuprous sulphide is again roasted and fused, till all 
the iron of the ore is removed as silicate. By further .roastipg 
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of the cuprous sulphide, a portioiiof it is ctmverted into cuprous 
"^Soaide; this oxide now interacts with the unoxidized sulphide, 
producing metallic copper and sulphur dioxide— 


2CU2O + CujS — 6C0 + SO,. 

Refining. —The metal is then refined by first melting it 
and then stirring <wiih poles of green wood, after throwing on 
the molten mass a quantity of powdered coal or charcoal. 

Chemically pure copper is now prepared electrolytically 
from crude copper. Thick plates of crude copper and thin 
sheets of the pure metal are alternately suspended in a solution 
of copper sulphate. On connecting the crude plates with the 
positive pole and the pure sheets with the negative pole of 
a dynamo current, pu re copper is deposited on the thin sheets, 
while an equivalent quantity of the crude plates is eaten away. 

Properties: Physical. —Copper is a hard lustrous metal 
having a distinctive re'd colour. It is very malleable and 
ductile, and is a very good conductor of heat and electricity. 
It is nearly 9 times heavier than water. Copper forms very 
useful alloys. 

Chemical.—Copper remains unchanged at ordinary tem¬ 
peratures in dry air. But in moist air it becomes coated with 
a green lajl^r of basic copper carbonate. When strongly 
heated in the air, it is converted into black cupric oxide. 

. A solution of common salt and vegetable acids attack copper, 
forming green salts which are poisonous ; hence the danger 
of using copper vessels for domestic purposes. Copper is 
deposited from solutions of its salts by an electric current and 
by iron and zinc: this property is made use of in electrotyping 
and cfipper-plating. 

Ac/thf* of Acids on ro/'/rr—Hydrochloric acid and dilute 
sulphuric acid hardly act upon copper. Nitric acid and heated 
strong sulphuric acid readily act upon it—> 

' 3Cu + SHNO, » 3 Co(NO,), + 2NO + 4H,0. 

Cu + 2 H,S 0 * » CnSO, + SO, + 2 H, 0 . 

s *9 
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Uses of Copper: Alloys.—Copper is used as electric 
cables and conductors, for covering wooden ships, Jn electro*. 
typing, &c. It forms valuable alloys, viz., (i) Brass — containing 
3 parts copper and i part zinc; (2) Dutch metal and Muntz- 
metal — containing less copper than brass; (3) Bell-metal^ 
bronze, and gun-metal — containing 8 to 9 parts copper and z 
to I part tin; (4) German silver — containing copper, zinc, 
and nickel. Copper is also contained in coins. 

Oxides and Hydroxide of Copper. 

Copper forms two oxides, both of which are basic and exist 
in nature— 

Cuprous Oxide, Cu^O.— TYiKzH red oxide 0/copper. It 
may be prepared by gently heating powdered copper in cTontact 
with the air. It is generally prepared by boiling a mixed solu¬ 
tion of copper sulphate, grape-sugar, and caustic soda or 
potash. Hydrochloric acid and nitric acid act upon it to 
produce cuprous chloride and cupric nitrate respectively, and 
dilute sulphuric acid converts it into copper sulphate and 
metallic copper. 

CujO 4 - HaSO* = CuSO* -f- Cu + H2O. 

Cupric Oxide, CuO.—This is black oxide of copper* It 
is prepared by strongly heating copper in air, or by gently 
heating the nitrate, the carbonate, or the hydrate of the metal— 

2(CuN03)g es» zCuO -f* 4NOa + Oa. 

Cupric oxide is reduced to the metallic state, wheif heated 
in a current of hydrogen or carbon monoxide. Its chief use 
is in the. analysis of carbon compounds, which when heated 
with it are converted into carbon dioxide and water. 

Cuprid Hydr&tC, CuH,0.^.—it is obtained as a pah; blue 
prepipti^e by adding caustic soda or potash to copper sulphate 
solution. When the hydrate is boiled in its mother-liquor, 
cupric ox^e.is formed— , * 

CuHtOs ® CuO + HbO. 

It forms with a solution of ammonia a deep blue liquid. 
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Salts op Copper. 

Like mercury and iron, copper forms two series of salts, 
called cuprous and cupric salts. The former are changed by 
oxidation into the latter. The cupric salts are used in pyro* 
techny for producing coloured flames. Cuprous salts are 
nearly white. 


Cuprous Ghlorido Cu,CI,.—It may be prepared by 
dissolving cuprous oxide in hydrochloric acid. It is generally 
obtained as a white precipitate by pouring into water a boiled 
solution of cupric oxide, hydrochloric acid, and copper, t'ltis 
salt is insoluble in water; but it dissolves in ammonia and 
hydrochloric acid to produce solutions which turp b)ue by 
exposure to air. 

Cupric Chloride. CuCl.,.—it is obtained as a brown 
powder when copper is burnt in chlorine, and as a green solu¬ 
tion when cupric oxfde or carbonate is dissolved in hydro¬ 
chloric acid On evaporating the soluiton, green crystals of 
the salt (CuClj are formed. Cupric chloride is soluble 

in water, and is converted bv heat into cuprous chloride. 

• Cupric SulphatO, iCuS04.5fl,0).—Also known as 
vitriol. It is prepared by the action of hot strong sulphuric 
acid on copper, or by roasting cupric sulphide (CuS) in air. 
It forms blue crystals, which, when heated lose water and be- 
come colourless. The anhydrous salt again becomes blue by 
contact with water, and is theref ore used as a test for the 
detection of water in liquids. Copper sulphate is used in the 
preparation of pigments, in electroplating, &c. 

Cupric Nitrate, [Cu'NOaJ,, It is prepared by 

‘the action of nitric acid on copper. It forms blue soluble 
crystals. It is a powerful caustic and oxidizing agent. 


Tests for Copper. 

Dry Reactions .— i. A copper salt heated on charcoal, 
with' sodium carbonate;;! in the reducing flame, yields a .red 

r * ' 

globule of copper. 
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2. A copper salt heated on a platinum wire, imparts a 
green colour to the flame. ^ 

5. A copper salt heated on a borax bead becomes red ini 
the reducing flame; while in the oxidising flame, it is green 
when hot and blue when cold. 

Wei Reactions .— 1. When a piece of bright steel or zinc 
IS immersed in an acid solution of a copper salt, it is soon 
covered with a deposit of metallic copper. 

2. When sulphuretted hydrogen is passed into an acidulat¬ 
ed solution of a copper salt, a black precipitate (of CuS) is 
produced, which is soluble in nitric acid. 

3. Soluflon of ammonia gives a greenish blre precipitate 
(of CuH^Oy) which dissolves in excess of ammonia and forms 
a deep blue solution. 

4. Solution of-caustic soda or potash gives a light blue pre¬ 
cipitate (of CuHjO,^). whicl) turns black on boiling the mixture. 

5. Potassium ferrocyanide gives a reddish brown precipi'^ 
tate (of copper ferrocyanide). 

University Examination Questions. 

1. What is the chief ore of copper, and how is the metal' 
obtained from it. State the principal uses to which metallic cop¬ 
per is put. What weight of copper can be obtained from 100 grams 
of an ore containing 50 per cent, of cuprous sulphide r'[A. olj. 

2. Describe the process for the extraction of copper from its 
(sulphide) ores. How would you purify ordinary copper so as to 
give it its maximum tenacity, ductility, and conductivity ? [A. 09]. 

3. Describe the process in use for obtaining copper titom its 
ores. Give an account of the properties of the metal and the 
modes of formation of its oxides and sulphate [A. iQii]. 

4. Compare the action of nitric and sulphuric acids on metal¬ 
lic copper. Give equations. What analogy is there between the, 
two reactions ? (C. 95]. 

5. There are two oxides of copper ; how can they be prepared 
from a solution of copper sulphate ? What are their properties ? 
[A. 1912]. 

6. How would you prepare specimens of the two oxides and 
chlorides of copper? Comi»re their properties. [C. 1912,16]. How 

could the percentage of copper be estimated in the case of one of 
the oxides ? [C. 1912]. 
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Tablb II.—Of Colourless and Odourless Oases. 
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QUALITATIVE ANALYSIS. 




Qualitative Analysis means the examination of bodies 
order to detect their constituents. There are two distinct 


methods of exai^ining metals or their |^Its : one is the dry way 
in which experiments are made on the substance without dis¬ 
solving it; the other is the wet way^ in which experiments are 
performed on the substance in solution. These two kinds 
of tests supplement each other. 


Dry ReftCtions. —For preliminary examination by the dry, 
way, the substance is first powdered and then a small quantity 
of it is heated in the blowpipe fiame. The examination in¬ 
volves four operations:— 

(i) Heating in a test tube or a bulb tube. 

(s) Heating on a piece of charcoal. 

(3) Heating in a borax bead, prepared by fusing borax 

on a loop of platinum wire. 

( 4 ) Flame colouration produced by heating the substance^ 

on a platinum wire moistened with HCl. 

► _ 

The following are examples of dry reactions :— 


/. Heated in a glass tube — 


(i) Ammonia evolved ... Ammonium (aits. 

(s) Brown gases evolved ... Bromides or Nitrates. 

(3) Violet gases evolved ... Iodides. 

( 4 ) Liquid globules sublime ... Mercury. 

//. Heated on Charcoal — 


(i) Substance deflagrates ... Nitrates or Chlorates. 

(3) Residue is yellow when hot, 

white when cold ... Zn. 

(3) Residue heated with 
Co(NO,), giving 

Blue mass ... Al. 

Pink „ ... Mg. 

Green ... Zn. 
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(4) Heated ¥iith Na^COs gives 
(a) White malleable bead with 
‘ yellow incrustation ... Pb. 

{ft) Red malleable bead with 

black coating ... Cu. 

III, Htated in Borax Bead — 

C In oxidizing dame, green when hot 
I. ^ and blue when cold : 

In reducing dame, red streaks. 

( In oxidizing dame, pale yellow : 

\ In reducing dame, olive green. 

IV. Flame Colouratiom — 


Cu. 


] Fe. 


(i) Green 

... Ba, Cu. 

(3) Crimson 

.. 1 Sr. . 

(3) Orange red 

... ^^a. 

(4) Orange yellow 

... Na. 

(5) Violet 

^ ■ 

Wet Reactions 

—Examination by the wet way is more 


elaborate, and consists in observing the reactions of the subs¬ 
tance with different reagents. 

• The first step is to prepare a solution of the substance. 
The solid is powdered and dissolved in boiling water. The 
insoluble residue is boiled with nitric acid and after evapora¬ 
tion to dryness the mass is dissolved in water. The two 
solutio ns of the salts being then mixed together, we have to 
proceed as follows in order to identify the metals contained in 

I 

the mixture: * 

I . Add HCI to the solution.—White precipitate may contain 
AgCl, P bClj, Hg,CIg. [Keep filtrate A]. 

• Wash the precipitate and add NH4OH in excess— 

Ptecipitate dissolves ... Ag. 

„ is blackened ... Hg(ou9)—With KI, greenish. 
„ is unaltered ... Pb n » yellow. 

II. Pass H,S through filtrate A.—Black precipitate indicates 
HgS, PbS, CuS, Bi|Sg ; coloured precipitates indicate other 
metals. [Keep filtrate B]. 
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Wash the black precipitate, and (after digesting with 
NaOH or K 04 ) boil with HNO*— ^ < 

Black precipitate ...HgS. 

Blue solution . ..Cu~With NH.OH, deep blue. 

Colourless solution ...Pb or Bi. 

III. (a) Add NH4CI and NH4OH to filtrate B or to the original 
suluilon.— Brown precipitate indicates Fe(HO)3, white pi%ci- 
pitate indicates Al(HO>3. [Keep filtrate C]. 

{b) Add (NH4>,S or pass H^S through filtrate C.—White 
precipitate indicates ZnS. [Keep filtrate D]. 

IV. Add to filtrate D.—White precipitate may 

contain CaCOs, SrCOg, BaCOj; solution »may contain 
Mg, K. Na. 

Test precipitate in the dry way by observing ISame 
colouration. 

To one portion of the solution add NagHPO^.—White 
precipitate indicates Mg. To another portion of the solution 
add HCl and PtCl4 and stir.—Yellow precipitate indicates 
K. Presence of Na is detected by flame colouration. 

[For confirmatory reactions see TtsU below the respective 
metals]. 

t 

University Examination (^nestionff. 

I ' 

1. How would you identify each of the following gases :— 
nitrous oxide^ nitric oxide, hydrogen, carbon monoxide^ marsh 
gas ? [C. 963. 

2. Make a list of the colourless gases with which you are 
acquainted. You are given several jars of a certain colourless gas ; 
describe carefully, in order, the experiments which you would ^ 
make for the purpose of identifying it [C. 97]. 

3. Give definite experiments by means of which you can 

distinguish between the contents of six gas jars containing 
respectivelyoxygen, nitric oxide, sulphur dioxide, carbon 
dioxide, chlorine and hydrogen chloride [C. 1900]. • 

4. How would you distinguish between the following pairs 
of gases :— (o) bromine vapour and nitrogen peroxide, (^) oxygen 


cv 
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and nitroi^ oxide, (c) marsh gas and carbon monoxide, {d) 
» 4 iydrogen sulphide and nitrogen ? [C. oi]. 

5. You are given four bottles containing respectively Oxygen, 
Hydrogen, Nitrogen and Carbon Dioxide. How could you 
determine the identity of the various gases ? [A. 04]. 

6. Give a chemical method of distinguishing between the 
following gases(n;) Hydrogen and carbon monoxide, {b) 
Hydrogen chloride and sulphur dioxide, {c) Oxygen and nitrous 
oxide, {d\ Nitrogen and carbon dioxide. [C. 07]. 

7. Three cylinders are given to you full of colourless invisible 
gases which may be oxygen, or nitrous oxide, or nitric oxide. 
How would you identify them? [C. 1911]. 

8. You ap given three cylinders fitted w;th a colorless gas, 
soluble in water, which may be sulphur dioxide, hydrochloric acid, 
or ammonia. How would you prove what the gas is ? [C. 1914]. 

9. State any points of resemblance between the following 
substances and enumerate differences in their properties by 
means of which they can be distinguished and identified :-^Cl, 
X-O, SO^, NOa, NaO. [A. 99]. 

10. You are given four jars filled respectively with N, NO, 
N^O, and CO. How would you by experiment find out definitely 
which was which ? [A. 07]. 

I r. Yt>u are given three jars of each of the following gases :— 
Ha, O2, Na, NjO, CO, COa, CjjHa, CjH^, and CH^. Give definite 
‘^^periments 4 )y means of which you could distinguish between 
<hem. [A. 1914]- 


II 

r. How would you satisfy yourself whether a given white so¬ 
lid is chlorate of potash, ammonium nitrate, or oxalic acid ? [C. 04]. 
‘ 2. Give one test for each of the following substances :—{a) 
Nitrates, (^) Sulphates, (tr)«ChIorides, {d) Sulphites, (e) Nitrites, 

(f) Carbonates. [C. 08]. 

3. By what test or tests would you distinguish a nitrite from a 
nitrate [A. 09, 13], a sulphite from a sulphate [A. 1910, 13J, a chlo- 

•rate from a chloride [A. 13], a ferrous salt from a ferric salt ? [A. 13.] 

4. How would you identify the metals contained in the follow¬ 
ing substances by dry reactions (1. e, before the blowpipe, &c)? 
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Give details of the operations :--(d) zinc suIphatOt {b) mercuric 
chloride, (r) nitrate of ^copper* [C. lo]. ^ 

5. A solid substance being given to you which might either be 
31 salt of zinc or mercury, how would you proceed to identify it ? 

[C. 13]. 

6. A colourless solution of a substance is given to you. You 
are told that it is a chloride or a sulphate of one of the following 
metals :—mercury, copper, iron, calcium, or sodium. How would 
ycu proceed to identify the dissolved substance } [C. 10]. 


MISCELLANEOUS QUESTIONS.. 

1. Explain fully the following terms, and describe one el^peri- 
ment to illustrate your answer in each case :— (a) synthesis, {b) 
analysis, crystallisation; (rf) deliquescence [C. 1910]. 

2. Explain the following terms :^(a) catalysis, (b) water of 
crystallisation, (c) efflorescence, (d) reduction, (e) sublimation. 
Illustrate by examples [C. 1911]. 

3. Explain the following terms, giving examples in illustration 

of your answers :— (a) double decomposition, (b) saturated solution., 
(r) freezing mixture, (rf) indicator, (e) nascent state [C. 08] ; (a) 
Compound radicles, (b) nascent state, (^r) oxidizing agent, (//) 
catalysis, and (e) deliquescence. [A. 1914]. • 

4. Define atom, nascent state, acid, electrolysis, allotropy 
[A.04]. 

5. Write concise explanatory notes on the following :—(«) 
deliquescence, (b) anhydrous, (c) crystal, (d) fluorspar, (e) oif of 
vitriol [C. 03]. 

6. Classify the following oxides, stating the reasons Sulphur 
trioxide, carbon monoxide, nitric oxide, calcium oxide, mercurve 
oxide. How would you identify them [C. 1916]. 

7. Give the chemical names and formulae of—sand, lime,, 
haematite, saltpetre, calcspar, caustic soda, iron pyrites, blue vitriol, 
aqua regia, diamond [A. 01]. 

8. What arc the chemical names and molecular formulae of the^ 
following :—Oil of vitriol, Glauber’s salts, Muriatic acid, Nitre,. 
Laughing gas, Fire damp ? [C. 07]. 
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9. Give the chemical names, formulae, and uses of the follow*. 
^ ing substances(a) oil of vitriol, ifi) sai-amtnoniac, (<r) bleaching 
powder, {d) plaster of Paris. What happens when water is added 
to each of these substances ? [C. 1912]. 

to. Give the chemical names., formulae^ and uses of*~(a) green 
vitriol i (h) gypsum ; (c) Chili saltpetre ; (d) Epsom salts. What 
is the action of heat on these substances. [C. 1915]. 

11. Complete the following equations, and in each case describe 
the physical and chemical phenomena which occur [C. 91]. 

(a) K0H + HN08= (d) ZnS04 + HaS = 

(h) NaiSOs + HgSO*- (e) FeS + 2HCl«i 

. (c) NagSOa + zHCls (/; CaHjOa + COjcs 

12. Comolete the following equitions [C. 98]. 

(a) NH4N03(heited)- (dj HaS04+2Na0H- 

2HgO(heated'/» (e) FeS-|-UjS04» 

(f)ZuO + 2HCl= (/> NajCOa+CaH^O*- 

13. Complete the following equations, stating briefly the phy¬ 
sical and chemical changes that accompany each reaction ; — 
[C. 1900]. 

‘ (a) HsCjO*, 2H2O + HjS04- 

(h) 2 AgN 08 + HjS- (d) HCl + HCIO * 

(c) CaCOg + HaS04 = (e) NajSO* + BaClj = 

14. Complete the following equations :— [C. or]. 

(a) NaNOfl + HaS04 = (e) (NHiljSO* + 2KOH = 

{h) 2NfaOH + Zn - (/) 4HCI + CuSO* - 

(c) 2HaS04 C = is) NH^NOg (heated;^ 

id) CaCOs (strongly heated)=» (h) NHs + HjS — 

15. Describe fully the chemical changes, if any, which occur 
(a) wh^n dry potassium chlorate is intimately mixed with' bl^ck 
oxide of manganese ; (h) when the same mixture is boiled with 
water ; (c) when copper oxide is mixed with charcoal and strongly 
heated ; (d) when oxalic acid is heated with sulphuric acid. Express 
chemical changes by equations [C. 93]. 

16. Write equations to represent the chemical reactions which 
occur when (i) sodium sulphite is heated with hydrochloric acid ; 
(3) slaked lime and sal-ammoniac are heated together ; (3) oxalic 
acid is heated with strong sulphuric acid ; (4) a warm concentrated 
solution of caustic potash is treated with chlorine. [C. 96]. 

17. Write equations to represent the reactions which ' occur 
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when— (a) Ammonium nitrate is heated ; (fi) Steam is passed over 
very hot coal; (c) Sulphuric acid is treated with ammonia ; {dj ^ 
Carbon dioxide is passed into limewater. [C. 97]. ^ 

i8« Describe the reactions in words and give equations repre¬ 
senting what takes place when {a) marsh gas is completely burnt 
in atr^ (f) magnesium ribbon is burnt in oxygen, (c) phosphorus is 
burnt in chlorine. [C. 01], 

19. Describe the action of water or steam on the following 
substances:—sodium, magnesium, iron, copper, and charcoal. 

[A. 05]. 

20. What happens when^theVollowing substances are heated 
strongly ?— (a) Ammonium nitrile, (fi) Lead nitrite, (c) Sulphuric 
acid. Give equations foriany change which occurs, and name the 
products* [C. 06]. 

21. Describe the action of heat on the following substances, 
giving equations :—(a) Potassium chlorate, (^) Potassium nitrate, 
(c) A rninonium nitrate, (rf) Sulphuric acid, (e) Carbonate of lime. 
CC. cSJ. 

22. What changes do the following undergo when heated-— 
Potassium carbonate, sodium nitrate, barium sulphate, copper 
nitrate ferrous sulphate, and crystallized magnesium chloride ? 
[A. 1913]. 

23. What is the action "of heat on — KHCO3, KNO3, 1C2S04,' 
KHSO4, KCIO4, and KjMnaOa ? [A. 1915). 

24. Describe fully the changes that you will observe in the 
following cases :— (a) A two-annas piece is thrown into nitric acid ; 
(fi) A bit of phosphorus is thrown into ajar of chlorine ; (c) A few 
drops of strong solution of ammonia are introduced into a jar 
containing hydrochloric acid gas ; (d) Sulphuretted hydrdgen is 
passed into a solution of blue vitriol ; (^) Carbonic acid gas is 
passed into lime water ; f /) A mixture of nitric oxide gas and 
carbon disulphide vapour is ignited.' [C*o7]. 

25. Describe, with equations, the changes, both physical and 
' chemical, that take place in the following cases :—(a) A two-anna 

piece is thrown into nitric acid, (^) Carbon monoxide gas is passed 
over • f^i^.ric oxide heated in a hard glass tube, (c) Some copper 
nitrate is strongly heated in a dish, (d^ A discoloured oil-painting 
is washed o^er with dilute hydrc^en peroxide, («) Oxalic acid is 
heated with strong sulphuric aqid. fA. 1915]. 
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26. What gases are produced by the action (rf strong sulphuric 
acid on each of the following substances (with the aid of heat) ?— 
(o) Metallic copper, ( 6 ) Formic acid, (c) Sodium chloride. Give 
equations. Describe how you would collect the gases and compare 
their physical and chemical properties. [C. 09], 

27. What happens when {a) chlorine is passed through caustic 
potash solution, ( 3 ) sulphur dioxide is passed through iodine 
solution, (c) strong sulphuric acid is heated with sulphur, (rf) caustic 
soda solution is added to dilute sulphuric acid ? fC. 1911J. 

^ 28. How would you obtain (a) carbon from carbon dioxide, 
(^) bromine from hydrobromic acid, and (c) mercury from a solu* 
tion of mercuric chloride ? Describe the process you would employ 
in each case ^nd give equations of the reactions that take place. 
[C. 19121. 

29? Represent by equations the reactions occurring between :— 
{a) oil of vkriol and Chili saltpetre, {6) nitric acid and copper, 
(r) barium dioxide and oil of vitriol, (d) quicklime and sal-ammo- 
Qiac, (e) oil of vitriol and'fluor-spar. (A. 97]. 

30. Explain the reactions that take place when the following 
substances react on one another, and give the chemical 
equations ;— (n) Potassium nitrate and sulphuric acid, (6) 
•Manganese dioxide and hydrochloric acid, (t.) Copper and nitric 
acid, (d) Chlorine and ammonia. [A. 04}. 

3r. Wrke equations showing the following reactions :— (a) 
sulphuric*acW with copper, {6) nitric acid with copper, (r) sulphuric 
acid with zinc, (d) caustic soda with phosphorus, v^) caustic soda 
with chlorine gas. Which of the above need heat to cause a 
reactio|j to take place? Do any react differently in the hot from 
the manner in which they react in the cold ? [A. 06]. 

32. The following substances are separately treated with 
sulphuric acid i —copper, zinc, potassium chloride, sodium car- 

•bbnate, and manganese dioxide. Stale with equations the 

reactions which take place. [A. 02]. 

33. What is the action of caustic soda on (a) yellow phospho¬ 
rus, (d) metallic zinc, (c) chlorine, (d) calcium acetate, and (e) 
copper sulphate ? State briefly the conditions necessary for the 

•action you describe and give the names of all the substances 

formed. [A. 1914]* 

34. How would you make the following substances ? Compare 
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their physical characters, and describe the effects of dilute hydro^^ 
chloric acid on each : - (a) caustic soda, [d) magnesium sulphate, 
(c) zinc oxide, {d) mercuric sulphide. Indicate the Chief uses of 
caustic sod I and zinc oxide. [C. 09.] 

35. How are the following substances ordinarily prepared? 
What are their chemical and physical properties, and what are 
ihe changes effected in them by heat ? By what tests would you 
identify them ?—(<*) calomel, (^) slaked lime, (c) green vitriol, (d) 
blue vitriol. [C. 09^ 

36. How would you ordinarily prepare the following subs¬ 
tances ? Give their formulas, and describe their physical and 
chemical properties, and give one test for each—(«' laughing 
gas; (b) bleaching powder; (c) ferric chloride; id) Glauber’s 
salt. [C. 1910], 

37. Give the formula: and method of preparation of (a) Potas¬ 
sium nitrate, (b) Sodium carbonate, (^) Calcium chloride. By 
what simple tests might they be distinguished ? [A. 08]. 

38. How are caustic soda, potassium carbonate, copper oxidf;, 
and lead acetate prepared ? [A. 05], 

39. How would you prepare the following substances in a pure 
condition ?—(a) calcium carbonate from calcium chloride, (^) 
ferrous chloride from ferric chloride, (c) copper oxide from copper 
sulphate, (d) lead sulphate from lead acetate. [A. 1913]. 

40. How would you prepare (a) anhydrous magnesium 
chloride, (b) calomel, and (^) suphate of iron^trystalline) ? 
Give one test for the metallic radicle in each of the above. 

[C. 1914]. 
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